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THE MICROSCOPE.

ing microscopes.—8. Conditions of distinct vision in the microscope.—
9. Effects of different magnifying powers.—10. Distinctness of deline-
ation necessary.—11. Hence aberration must be effaced.—12. Achro-
matic object-lenses. —13. Sufficient illumination necessary. — 14.
Effects of angular aperture.—15. Experiments of Dr. Goring.—16.
Method of determining the angular aperture.—17, Mutual chromatic
and spherical correction of the lenses.

1. THE microscope is an optical instrument by means of which
we are enabled to see objects or the parts of objects too minute to
be seen distinetly with the naked eye, the name being taken from
two Greek words, wmupdv (mikron), a little thing, and okomwéw
(skopeo), I look at. )

2. In a certain sense, all magnifying-glasses may be regarded as
microscopes, but the slightly convex lenses, used by weak-sighted
persons, cannot Wwith any propriety be so denominated. The
higher magnifying lenses, however, used by watchmakers,
jewellers, miniature painters, and others, may with less impro-
priety receive the name ; and the small lenses of short focus and
high power described in our Tract on ¢ Magnifying Glasses,”
especially when they have the form of doublets, and are mounted
to serve anatomical purposes, and for microscopic delineations, are
generally designated simple microscopes. Since, however, they
differ in no respect in their optical principle from common magni-
fiers, we have considered it more convenient to explain them
under that head, limiting therefore the subject of the present
Tract to those optical combinations which are generally called
COMPOUND MICROSCOPES, .

3. Such an instrument, in its most simple form, consists of a
magnifying lens or combination of lenses, by means of which an
enlarged optical image of a minute object is produced, and a
magnifying lens, or combination of lenses, by which such image is
viewed, as an object would be by a simple microscope.

4. The former is called the OBIJECT-GLASS, or OBJECTIVE, since
it is always directed immediately to the object, which is placed
very near to it ; and the latter the EYE-gLASS, or EYE-PIECE, inas-
much as the eye of the observer is applied to it, to view the
magnified image of the object.

5. Such a combination will be more clearly understood by
reference to fig. 1, where o is the object, LL the object-glass, and
E E the eye-glass.

The object-glass, L L, is a lens of very short focal length, and
the object o is placed in its axis, a very little beyond its focus.
According to what has been explained in our Tract upon ¢ Optical
Images,” 31 et seq. an image 0 o, of o, will be produced at a dis-
tance from the objeot-glass L 1, much greater than the distance of

2



PRINCIPLE OF THE INSTRUMENT,

o from it: this image will be inverted with relation to the object ;
its top corresponding with the bottom, and its right with the left
gide of the objeot, and vice versd : the linear magnitude of this
- image will be greater than that of the object, in the proportion of
0 L to o L, and consequently its superficial magnitude will be
greater than that of the object, in the proportion of the squares of
these lines.

The image o o, thus formed, may be considered as an object
viewed by the observer, through the magnifying glass E E, and
all that has been explained, relating to the effect of such a lens, in
our Tracts on ‘“ Magnifying Glasses’’ and ¢ Optical Images,” will
be applicable in this case. The observer will adjust the eye-glass

(] Fig. 1.

E E, at such a distance from o o, as will enable him to see the
image most distinetly, and the impression produced upon his sense
of vision will be that the image he looks at, is at that distance
from his eye, at which he would see such an object most dis-
tinotly without the interposition of any magnifying lens; let
this distance be that of a similar image o’ 0’, and the impression
-will be that the object he beholds has the magnitude o’ o’.

The distance of most distinct vision with the naked eye, and
the distance from the image at which the -eye-glass must be
placed to produce distinet vision, both vary for different eyes, but
they vary almost exactly in the same proportion, so that the
magnifying effect of the eye-glass upon the image o o, will be the
same, whether the observer be long-sighted or short-sighted ; in
estimating the magnifying power, therefore, of such a combina-
tion, we may comnsider, in all cases, the distance of the eye-zlass
2 & from the image 0 o, to be equal to its focal length, and the
distance of o’ o’ from the eye-glass, to be 10 inches. (See
“ Magnifying Glasses,” 8.)

To estimate the entire amplifying effect of such a microseope, we
have only to multiply the magnifying power of -the object-zlass
by that of the eye-glass ; thus, for example, if the distance of the
image 0 o from the objeot-glass be 10 times as great as the
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THE MICROSCOPE.

distance from ¢ greater than half the radius, and an inverted
image of it is formed at 0 o, whioh, as in the case of the refracting
microscope, is looked at with an eye-glass E E.

The great improvements which have taken place within the last
twénty years in the formation of the object-glasses of refracting
microscopes, have rendered these so very superior to reflecting

Pig. 8.

[ S L

L

miorosoopes, that the latter class of instruments having fallen so
completely into disuse, it will not be necessary here to notice
them further.

In what has been explained, the general principle only of the
microscope has been developed ; many important circumstances of
detail upon which its efficiency mainly depends must now be
noticed,

8. The conditions which render the vision of an ob_]ect with the
microscope clear and distinct are essentially the same as those
which determine the clearness and distinctness of our perception
of an object with the naked eye. It will be found, by reference
to our Tract upon ¢ the Eye,” that these conditions are three:—

1. That the visual angle should be sufficiently large;

2. That the outlines and lineaments of the object should be
sufficiently distinet; and

3. That the obJect should be sufficiently illuminated.

It is evident that if any one of these conditions fail to be fal-
filled, our visual perception of the object will be defective. If
the object, for example, be exceedingly minute, though it be
perfectly delineated and strongly illuminated, it will be either
altogether invisible, or will appear as a mere speck.

If its outlines and lineaments be ill-defined, as when a tree or
other object is seen through a mist, our perception of it will alse
be defective ; and in fine, though it have sufficient magnitude and
be perfectly delineated, we may fail to see it distinctly for want
of sufficient light upon it, as when we look at objects towards the

: -eofmhght.






THE MICROSCOPE.

by organ, we must call to our aid the higher class of power. In
fine, a complete microscopic analysis of an individual object will
require that it should be viewed successively with a series of:
gradually increasing powers.

10. But magnifying powers, to whatever extent they may be

carried, will be of no avail if the image produced by the objeot-glass
be not perfectly distinet and well defined ; and it will be evident
upon the slightest consideration, that any minute imperfections
which may exist in its delineation, will be rendered more and
‘more glaring and intolerable, the higher the magnifying power
under which it is viewed.
. With a common magnifying glass, or simple microscope, we
view the object itself, and are subject to no other optical imper-
fections in our perception of it, than such as may arise from the
imperfection of the lenses through which we view it; and since
with such instruments the magnifying power can never be con-
sidergble, small defects of delineation are never perceptible, It is
quite otherwise, however, with the class of instruments now under
consideration, where magnifying powers, from 1000 to 2000 of the
linear dimensions, are often brought into play.

These circumstances render it indispensable that the image of
the object produced by the object-glass, and viewed through the
eye-glass, should have the utmost attainable distinctness of de-
lineation ; mot only as regards its outline, but also as respects the
most minute details of its structure and colouring.

11. Now the solution of this problem, presented to scientific and
practical men the most enormous difficulties ; difficulties so great
as to have been regarded; by some of the highest scientific autho-
rities of the last half-century, as absolutely insurmountable.
Happily, nevertheless, the problem has been solved ; and without
disparagement to the great lights of science, we must admit that
its solution has been mainly the work of practical opticians. It
is true that the general principles upon which the form and
material of the lenses depend, were the result of profound mathe-
matical research, but these principles were established and well
understood at the moment when the practical solution of the pro-
blem was, by scientific authorities themselves, pronounced to be
all but impossible. Opticians, stimulated by microscopists and
amateurs, then applied themselves to the work, and by a long
series of laborious and costly trials, attended with many and
most discouraging failures, at length arrived at the production
of optical combinations, which have rendered the microscope one
of the most perfect instruments of philosophic research, and one,
to the increasing powers of which, we can scarcely see how any
Jimit can be assigned. )

8 ‘






THE MICROSCOPE.

Images.” It follows from what is there stated, that all confusion

produced by this cause, can be removed by substituting for simple

convex lenses, compound ones, consisting of a

Fig. 4. double convex lens of crown-glass ¢ ¢, fig. 4,
cemented to a plano-concave lens of flint glass.

The image produced by such a combination,
will be distinet and free from colour, provided
that certain conditions be observed in the curva-
tures given to its component lenses.

13. Assuming then, that by such combinations
the image presented to the eye-glass is a faith-
ful reproduction of the object, in its proper colours,
perfectly distinet in all its lineaments, and suf- |
ficiently amplified, there is still one remaining :
condition for distinet vision, which is, that this
image should be sufficiently bright. It will, :
therefore, be necessary here, to examine the cons-
ditions on which its brightness, or illuminatiom,-:
depends. .

In the first place it is very evident that, other things being the
same, the illumination of the image will be proportionate to
of the object, and in the inverse proportion of its suj .
amplification ; for the light which is transmitted from the objeeky:
‘being diffused over the surface of the image, will be necessarily
more feeble as the superficial magnitude of the image is greater..
The higher the magnifying power used, therefore, the greater is
the necessity that the object should be intensely illuminated. A

But the brightness of the image depends not only on the in-
tensity of the illumination of the object, but also on the proportion
of the light emanating from each point of the object, which arrives
at the corresponding point of the image ; and this, as we shall now
show, will depend conjointly on the linear opening, or available '
diameter of the object-glass, and the distance of the object from it,

To make this more plain, let o ¢, fig. 5, be the object, and L 1’ :
the object-glass. 'We are to consider that each point of the object; .
is a centre, from which rays emanate.towards.
the object-glass; thus, for example, rays®
issuing from the point ¢, form a cone, of which .
the object-glass is the base, and of which ¢ ‘is
the vertex; supposing all these rays to pass
through the object-glass, and to be refracted
by it, they will converge to the point of the
image which corresponds to c.

In the same manner, the rays which diverge
from any other point, such as o, likewise form a cone, of which

10 :
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THE MICROSCOPE.
glass and the eye-glass, neither of which are achromatic, the-

image viewed by the observer through the eye-glass must be. :

affected by as much positive aberration as is due to the combination
of the field-glass and the eye-glass
This defect might, it is true, be remedied by makmg both

the field-glass and eye-glass achromatic; but independently of

other objections to such an expedient, it would be needlessly
expensive; and the same purpose is attained .in a much more
simple manner, upon the principles of positive and negative
chromatic aberrations, which have just been explained.

The method practised for this purpose may be briefly and gene-
rally explained thus: The field-glass and the eye-glass being
simple convex lenses, produce positive chromatic aberration. The
object-glass, on the other hand, being a compound lens, may be
so constructed, according to what has heen just explained, as to
produce negative chromatic aberration.

16
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THE MICROSCOPE.

CHAPTER II.
Mutual chromatic and spherical correction of the lenses (Contimued).——
18. Centering.—19. C d object-pieces.—20. The eye-piscms=.

—21. Various mngmfymg powers adapted to the same

—22. Actual dimensions of the field of view.—23. Means of movirm &
and illuminating the object. —24. Focussing.—25. Preparation of tkme
object.—26. General description of the structure of a microscope.——
27. The stage.—28. The illuminators.—29. The diaphragms.

Now let us suppose that the entire combination of lenses is s©
formed, that the negative chromatic aberration produced by the
object-glass shall be exactly equal to the positive chromatic
aberration, produced by the field-glass and the eye-glass. Ixm
that case, it is evident that the one aberration will extinguish the
other, and that the image viewed by the observer through the eye-
glass will be an exact reproduction of the object, being exempt
from all aberration whatever. .

To make this more cvident, Let L1, fig. 10, be thé compound
object-glass, consisting of a double convex lens of crown glass,
and a plano-concave lens of flint-glass, formed so as to produce
negative chromatic aberration ; let ¥ ¥ be the field-glass, E E the
eye-glass, and o the object.

Let v v & & be the coloured images of the objects, which would
be produced by L L, if ¥ F were not interposed ; these images will

* be slightly concave towards L L, according to what has been
explained in our Tract upon ¢‘ Optical Images,” 47 et seq. ; and since
LL is supposed to have negative aberration, the red images B B
will be nearest to it, and the violet ones, v v, most remote from it.

But the rays which would converge upon the various points of
these images being intercepted by the field-glass ¥ ¥, are rendered
more convergent by it, and the images are accordingly formed
nearer to it. This lens, ¥ ¥, also increases the convergence of the
violet rays which are most refrangible, more than it inoreases that of
the red rays which are least refrangible. The consequence of this
is, that the violet and red images are brought closer together than
they were, as shown in the figure; but still the violet images are
more distant from F ¥ than the red, so that the chromatic aberra-
tion of L L and F F conjointly is still negative, though less than
the aberration of L L alone.

There is another effect produced by the lemns ¥ ¥ which it is
important to notice. The images produced by L L, which were
slightly concave towards ¥ ¥, are changed in their form, so as to
be slightly concave towards £ . The cause of this change has
been already explained in our Tract upon ¢ Optical Images,” 46.

18 .












THE MICROSCOPE.

To render the diagram more easy of comprehension, we have
not here attempted to represent the several distances in their
Pproper proportions,

The compound lenses, of which object-pieces consist, are
generally, as represented in the figure, plane on the sides presented
towards the object. This is attended, among other advantages,
with that of allowing a larger angle of aperture than could be
obtained if the surface presented to the rays diverging from the
object were convex. :

The extreme rays diverging from each point of the object fall
upon the surface of the object-glass with a greater and greater
obliquity as they approach its borders, and since there is an
obliquity so extreme that the chief part of the rays would not
enter the glass at all, but would be reflected from it, the angle of
aperture must necessarily be confined within such limits, that the
rays falling from the borders of the lens will not be so oblique as to
come under this condition. If the surface of the object-glass pre-
sented to the object were convex, it is evident that the rays diverging
from an objeot at a given distance from it would fall upon its borders
with greater obliquity than if it were plane, and, consequently,
such an object-glass would allow of a less angle of aperture than
a plano-gonvex one with its pldne side towards the object.

" Improvements have recently been made in object-glasses, by
which angles of aperture have been obtained so great, as not to
admit even of a plane surfaece being presented to the diverging
pencil, and it has acoordingly been found necessary, in such cases,
to give the object-glasses the meniscus form (Optical Images, 25),
the concave side being presented to the object. By this expedient
angles of aperture have been obtained so great as 170°. If the
surface of the object-glass presented to the object were plane, the
extreme rays of the central pencils, with such an angle of aper-
ture, would fall upon -the surface of the lens with obliquities of
not more than 5° and the obliquities of the extreme rays of
the lateral pencils would be even less. Under such circum-
stances, the chief part of the rays near the borders of the
lens would be reflected, and, consequently, its virtual would be
less than its apparent angle of aperture. It is questioned by some
microscopists that even with the expedient of a concave external
surface, a practically available angle of aperture so great as 170°
can be obtained,

The three achromatic lenses here deseribed being mounted, so
that their axes shall be precisely in the same straight line, con-
stitute what is generally called an oBYECT-GLASS, but which,
perhaps, might with more convenience and propriety be denomi-
nated an OBJECT-PIECE.

22






























THE MICROSCOPE.

As the effect of the illuminators varies not only with their
distance from the object, but also with the direction in whloh the
light directed from them falls upon the object, provisions' are
made in mounting the microscope, by which various positions may
be given to them, so that the light may fall upon the objeot in say
desired manner.

- In the frame in which the illuminator, M M, is mounted, it is

customa.ry to place two reflectors, one at each side, one concave
and the other plane. By the former a converging, and by the
latter a parallel pencil of light is reflected towards the object.
- In this general illustration v'e have supposed the axis of the
instrument to be vertical; it may, however, have any direction.
whatever; but whatever be its direction, the stage, s 8, must -
always be at right angles and concentric with it. The eye-pisee
and object-piece are also supposed to be set in the same straight
tube, with their axes set in the same stra.lght line. This arrange-’
ment, though most commonly adopted, is neither necessarily nor
always so. The tube which carries the eye-piece may, on the:
contrary, be inclined, at any desired angle, with that which
carries the object-piece; for this purpose it is only necessary to
place in the angle formed by the two tubes a reflector, so inclined:
that the rays coming from the object-piece shall be reﬂecfed a.long
the axis of the tube which carries the eye-piece.

32






THE MICROSCOPE.

80, Taus, for example, if the tube which carries the objeot-
pieoe be vertical, a plane reflector, x x, fig. 15, receiving the rays

Fig. 15.
o
Fig. 16.
A ‘ﬁ M A
— R* r R’
E O \u >t

ooming in a vertical direction from the object-piece, will reflect
them horizontally to the eye-piece E E.

The same object would be attained with more advantage, and
less loss of light, by means of a rectangular prism, A B c, fig.. 16,

Fig. 17,

Fig. 18.

i

\l

;

the vertical ray, &’ being reflected by the back, Ac, of the prism
in the horizontal direction ®’ 2",

Bince a single reflection thus made produoes an inverted image,
34






THE MICROSCOPE.

part to be moved is attached. By turning this milled head one
way and the other alternately, the observer finds by trial the
position which gives greatest distinctness.

33. This, which is called the COARSE ADJUSTMENT, answers
well enough when high powers are not used; but it must be
remembered that as the teeth of the pinion successively pass those
of the rack, the motion produced is not strictly an even and
uniform one, but a sort of starting or intermitting motion, so that
the instrument cannot be easily and steadily brought to rest at
any intermediate point between the beginning and the end of the
passage of a tooth., When high powers are used, and conse-
quently an extremely nice adjustment of the focus required, this
arrangement is therefore insufficient, and serves at best only for a
first approximation to the exact focus.

34. A supplemental expedient is therefore provided in the
best instruments, called the PINE ADJUSTMENT, which usually
consists of a screw having an extremely fine thread, which
being conneoted with the part to be moved, gives it a per-
fectly smooth, uniform, and slow motion, entirely free from starts
or jerks.

In some of the best instruments these screws have as many as
150 threads to the inch, so that one complete turn of the milled
head moves the stage or body through only the 150th part of an
inch, and as the head is divided into ten equal parts and moves
under an index, a tenth of a revolution can be observed, which
corresponds to the 1500th part of an inch.

When the form of the object is not actually flat, and conse-
quently all points upon it are not equally distant from the object-
glass, they will not be all in focus together. When the distance
of the object is such as to bring the more salient, and conse-
quently the nearest, parts into focus, the more depressed parts
will be too distant and consequently out of focus; and when the
object is moved nearer to the object-glass by a space equal to the
heights of the salient above the depressed parts, the latter will be
in, and the former out of focus, and consequently the latter will
be distinct, and the former confused.

‘When the powers used are so low that the distance of the
object from the object-piece shall bear a considerable proportion
to the difference of level of the salient and depressed parts of the
object, this difference of level will not sensibly affect the focal
adjustment; but when high powers are used, that difference of
level bearing a very sensible proportion to the distance of the
object from the object-glass, the adjustment which renders either
distinot will render the other indistinot.

85. This optical fact has been converted with admirable address

g6 :






THE MICROSCOPE.

slowly moved right and left, and by turning the other it may be

Fig. 19. moved backwards and forwards,

and, in fine, by turning both

= a—a— at the same time it may be

° moved diagonally in any inter-

. mediate direction, according to

. the relative rate at which the

. one and the other milled head

is turned. Sometimes the two

D milled’ heads are on the right

side of the stage, so that they

ean be turned either separately or together by the right hand,

and sometimes they are placed at opposite sides, so as to engage
both hands.

388. It is generally found convenient to have an easy means of
‘turning the object round its centre, so as to present it to the light
in all possible positions, without displacing it from the centre of
the field. This is accomplished by inserting in the upper plate
of the stage a metallic disc of somewhat greater diameter than
the central aperture of the stage, which is so fixed as to be turned
smoothly round its centre. It is upon this disc that the slide is
placed and held by the springs which are attached to the disc so
as to turn with it, This disc is sometimes graduated in 360°, so
that the observer can turn the object through any desired angle,
a power which will be found very convenient in certain classes
of observations,

The arrangement consisting of a fixed with two moveable

' stages superposed is

Fig. 20. ' drawn in fig. 20,

where a a a a isthe

fixed stage, and b b

bb, cccec the two

stages which move

in the- grooves n n

and m m, the one

bbbb directed right

and left, and the

other cccc back-

~wards and for-

wards. The grooves

in which the upper

stage ¢ ¢ ¢ ¢ moves

are formed in the lower stage 555d, and those in which the

Tatter moves are formed in the fixed stage aaaa. The one

stage is moved by turning the milled heads ss fixed upon the
88
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"THE MICROSCOPE.

But much trouble will be produced when objects of the smallest
class requiring the higher powers are examined with instru-
ments in which the stage-screws and fine adjustments are mnot
supplied.

89. In all cases it will be found advantageous to submit the
object successively to a series of increasing powers. When once
centred it will maintain its place while the object-lenses are
changed, so that upon each change of power no new adjustment is
necessary except focussing. The low powers will show the
general form and contour, the entire objeot being at one and the
same moment within the field, The next powers will show the
larger parts, and the highest will display the texture of the sur-
face and the structure of the smaller parts. By working the
stage-screws the object is moved like a panorama across the field
from right to left; and this motion is repeated for various posi-
tions given to it by the screws, which move it backward and
forward until every part of it has been submitted to examination.

‘When high powers are used the object will be very close to
the object-glass, so as almost to touch it when the instrument is
focussed. In this case, care should be taken to prevent all
contact or friction of the object or the slide with the object-glass,
the latter being subject from that cause to injury or fracture.
‘When it is desired therefore to change an object thus viewed with
a high power, it is always advisable to separate the objeot-glass
and stage by the coarse adjustment, before removing the one
object and replacing it with the other, which must then be
focussed.

40. The greatest care should be taken to clean the slides before
placing them on the stage, since the least particle of grease or
dust or any other foreign matter would, when magnified, injure
the observation and might lead to errors.

‘When the objeot observed is in a drop of water or other liquid,
or when it is itself a liquid, it will be included between the
slide and a thin glass placed upon it, in which case it is of the
greatest importance to exclude or remove all bubbles of air, since
they would present appearances under the microscope, such as
would deface those of the proper object of observation.

41, When it is required to submit a minute object to inspec-
tion, it is sometimes desirable to submit it to pressure, either to
retain it in one position, if it be living, or to ascertain the effect
of compression upon it, exercised in a greater or less degree for
other purposes. It is often necessary also to roll it over, so as to
present all sides of it in succession to the observer.

An instrument called a compressor has been contrived for this
-purpose, which has been constructed in a great variety of forms
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the interposition of smaller diaphragms, until the beat effect is
produced. The observer will acquire by practice a facility in
making these adjustments, so as to produce the desired result.

On the other hand, if the object be very imperfectly trans-

lucent, the light thrown upon it must be rendered as intense as
possible by the contrary arrangements.
- 46, Different parts of the same object will generally hnve.
different degrees of translucency, and it will often happen that a
light which would drown the more transparent parts will be no
more than suffieient to display the more opaque parts. In such
cases the observer will have to vary the light according as his
attention is directed to one part or the other.

1t must not be inferred that the darker parts are in this case
really darker than those which are more transparent. The
lesser degree of translucency more frequently arises from the
different thickness of different parts of the object, the thicker
parts absorbing more light, and therefore appearing of a darker
tint than the thinner. If the varying transparency arise from this
cause, the apparent lights and shadows or tints of colour must be
taken as mere indications of the inequalities of thickness of a
body of which the real colour is uniform.

The difficulty which an observer encounters in ascertaining the
real form of an object, and the accidents of its surface when seen
in a microscope by a back light, is partly owing to the fact that
the eye is habituated to view objects almost exclusively by front
lights, and the impressions produced of their forms are always
deductions of which we are rendered unconscious by habit, by
which the characters of these surfaces are inferred from the lights
and shadows which are impressed on the organ of vision. Not
having the same habit of seeing objects by a back light we cannot
so easily make similar deductions, and we are apt to judge of the
objects as if in fact they were illuminated with a front light.

The judgment is also more or less perplexed, and deceived by
the fact that microscopic objects are as it were placed before the
eye in an unnatural state of proximity, which give them a visual
character totally different from that which objects have, viewed
in the usual way with the naked eye.

It must be evident, therefore, how much attention and address
on the part of the observer are indispensable to enable him to
disentangle their physical causes from such complicated effects,
and to give their appearances a right interpretation.

. 47, If an object, of which the surface is marked by numerous

inequalities and asperities, be illuminated by a light which falls

perpendicularly upon it, or which is scattered mdtﬁ‘erently in all

directions, an observer placed directly over it will be in genera.l
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against which the observer must be on his guard. The effects of
these are to surround the outline of the object with coloured fringes.
By limiting the illumination as far as it is practicable to the object
itself, so as to avoid the transmission of any light through the
opening of the slide, except what may pass through the object,
this effect may be diminished or avoided.

Indeed, for many reasons, it is advantageous to prevent any
light from passing through the slide, or through the opening of
the stage, excopt what is employed in illuminating the objeot.
All such light is liable to fall in greater or less quantity upon the
objeot-glass, and, passing through it, has a tendency to render the
image obscure and confused. For this reason, all extraneous
light whatever should be as far as possible excluded from the
space around the microscope, for all objeots on which such light
falls will reflect a part of it, some of which may fall upon the
object-glass,

50. When the light of the sky or clouds is used, an aperture
may be made in a window-shutter for its admission, all the other
windows of the room being closed, and the light proceeding
from the aperture being received upon the mirror or lemns, by
which it is directed and condensed upon the object. The light
of a white cloud, strongly illuminated by the sun, is generally
considered the best form of day-light which can be used, and
that of a blue serene sky the worst. Observers differ as to the.
direct light of the sun, some maintaining that in no case what-
ever should it be used, while others give it a preference for
minute objects seen under high powers, and therefore requiring
intense illumination. .

The light reflected from a white wall upon which the sun
shines is a good source of illumination.

51, If artificial light be used with low powers, a common sperm
candle will serve well enough, but means should be adopted to

- prevent the flickering of the flame.

An argand lamp, however, is, in all cases, preferable, as giving
a steady invariable light. It will be improved if good olive oil
be used instead of the fish oil.

The flame produced by the liquid known as camphine is
especially pure and white, and well fitted for microscopia
researches.

‘Whatever be the artificial light used, it ought to be surrounded
with a shade, and so placed as to fall only upon the mirror or
lens by which it is directed to and condensed upon the object.

52. It is advantageous to protect the eyes of the observer from
extraneous light: the most simple and convenient method of
effecting which is by a circular blackened pasteboard screen
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viewed by the naked eyes, as well as in microscopes, especially if
but one eye is employed. Thus, if we look intently for some
time at a basso-relievo (a die of a coin, for example), sluminated
with very oblique light, it at first appears in its true eharacter;
but, after a little while, some point on which we more particularly
direct our gaze will begin to appear in a¥, the whole rapidly
follows; in a little time the effect wears off, and we again see it
in bas-relief ; then again in alt; and so on, by successive fits,
This deception arises from the simple circumstance that the lights
and shades in bas-relief are very nearly like those of an alto-
relievo of the same subject, illuminated from the opposite side ;
our understanding in this case instantly corrects the false testi-
mony of the eye, when we consider from which side the light
comes. (If we observe with a microscope, we must remember that
its image is inverted, and that in consequence the light must be
considered as proceeding from the side of the field of view oppo-
site to that where the source of illumination actually exists.) It
will also be highly advisable, when we are in doubt as to the
manner in which an instrument shows prominences and depres-
sions, to verify its vision by observing some Anown object with it,
of the real state of which, as to inequality of surface, we have
been previously informed by the sense of touch, to which it has
been well said there is no fellow.” *

* ¢ We usually see objects illuminated from above with the shadowe below
the prominences ; now, unless the light is below an opaque object, when
we view it in an engiscope, we shall see the shadows above, giving the
prominences the appearance of depressions, and producinga very unnatural
effect.” '
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¢ TLLUMINATION, by cups or silver specula, does not produee these
illusions, ‘because they create no shade—the whole object is one
mass of .intense light ; other false perceptions are, however, occa-
sioned by them. Thus, all globular bodies, having polished sur-
faces, reflect an image of the oups, and the spout, if there is one,
appears as a dark spot in the centre. The eyes of inseots, illumi-
nated in this way, show the semblance of a pupil in the centre of
each lens, which deception may be verified by examining small
globules of mercury in the same manner. Spherical bodies, with
bright surfaces, will even, on some occasions, reflect an image of
the object-glass and its setting, on the same principle; so that
we must perpetually consider the laws of the refraction and reflec-
tion of light, in all the conclusions we draw from the evidence
even of the very best instruments, used with every possible
precaution.

¢ Lastly, it must be observed, that in using microscopes, we
must never attempt to verify an object concerning which we are
uncertain, by increasing the depth of the eye-glass immoderately,
s0 as in this way to obtain a very high power. A negative eye-
glass, of about one-fourth of an inch focus, is the deepest which
should ever be employed, even with a short body; for a microscope
only shows a picture of an object, and the more it is amplified the
more its imperfections are developed. It is, on this account,
much safer to trust to moderate powers in these instruments, in
preference to high ones, unless they are obtained through the
medium of the depth and power of their objective part, It is the
nature of deep eye-pieces to cause all luminous points to swell out
into discs, and to render the image soft, diluted, and nebulous,
at length all certain vision fades away, and the imagination is-
left to its uncontrolled operation. Single and compound magni-
fiers, having to deal with the real object, may be made of any
power which can be used ; and if our eyes are strong, and habi—
tuated to their use, we may place great reliance on their testi-
mony; but we must never allow them to persuade us to believe
marvels which are manifestly impossible, or contrary to the knowms
laws of nature and right reason.”

MEASUREMENT OF OBJECTS.

- 54, The determination of the real magnitude of microscopic

objects, and that of the magnifying power of the instrument, are

problems closely connected but not identical. Either may be--

solved independently of the other. .
55. If two objects be placed at the same time within the field

of view, the real magnitude of one of which is known, that of the

other may be at least approximately estimated by comparisox-
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have that visual angle, it would follow that the smallest object
of which the form could be rendered distinotly visible by s
microscope of a given magnifying power, would be one .whse
linear dimensions are as many times less than the 360th partef
an inch as there are units in the number expressing the m‘ﬂj’-
ing power.

It must not be forgotten, however, in considering such poilﬁ,
that the smallest object whose form can be distinotly -emltl
given distance without a glass, depends on many conditions, sosise
connected with the object, and some with the observer, as has’ h.
already stated.

Many persons fall into the error of supposing that the oxul-
lence of a microscope is to be determined by the greatness of ‘its’
magnifying power. On the contrary, that instrument must b
considered the most efficient which renders the details of an objéet-
perceptible with the lowest power. Distinotness of definitiom,’
by which is meant, the power of rendering all the minute linea~
ments clearly seen, is a quality of greater importance than mere’
. magnifying power. Indeed, without this quality, mere magnify-
ing power ccases to have any value, since the object would appear
merely as a huge misty silhouette.

Bufficiency of illumination is another condition which it is
difficult to combine with great magnifying power, but which is
absolutely necessary for distinet vision.

If two instruments show the same object with equal distinct-
ness of definition and with sufficiency of illumination, ome
having a higher magnifying power than the other, then it must
be admitted that the one which bears, with such conditions, the
higher power is the more efficient instrument.

The mere magnifying power depends on the focal length of
the lenses, the illumination on the angle of aperture, and the
distinotness of definition on the extent to which those condi-
tions have been fulfilled which confer upon the combination of
lenses composing the instrument, the qualities of aplanatism and
achromatism,

64






THE MICROSCOPE.

The name POLES is given in physics in general to the sides or
ends of any body which enjoy or have acquired any contrary pro-
perties. Thus, the opposite ends or sides of a magnet, have con-
trary properties, inasmuch as each attracts what the other repels.
The opposite ends of an electric or galvanic arrangement are, for
like reasons, denominated poles.

70. Following the common rule of analogy in nomenclature, a
ray of light which has been submitted to reflection or transmisston
under the special conditions referred to, has been called polarised
light ; inasmuch as it is found that the sides of the ray which
lie at right angles to each other, possess contrary physical pro-
perties, while those of a ray of common or unpolarised light possess
the same physical properties.

To illustrate the relative physical condition of common light
and polarised light, we may compare a ray of éommon light to a
round rod or wire of uniform polish and uniformly white, while
a ray of polarised light may be compared to a similar wire, two
of whose opposite sides are rough and black, while ‘the othbr
opposite sides at right angles to these are polished and white.
Thus, if A B ¢ p, fig. 33, be a section of the former, the entire
circumference A Bc p is white and polished, and if A’ 3’ ¢’ D’

Fig. 83. Fig. 31.
B

D

be a section of the latter, A’ B’ and ¢’ ’ will be white and polished,
while B’ ¢’ and p’ A’ will be black and rough.

A group of physical properties, very numerous and complicated,
characterise the polarised state of light, the discussion and exposi-
tion of which, constitute the subject of an extensive and important
section of opties. It would be obviously impossible here to convey
to the reader any general idea of these; nevertheless, as an illus-
tration of them, one of the most frequent occurrence may be
mentioned. If a ray of common light fall upon a smooth and
polished surface, it is always reflected according to the well-
known laws of reflection, no matter what side of it may be pre-
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72. If either the reflecting surface or the crystal, placed under
the necessary conditions, be carried round a polarised ray, A’ ® ¢’ D,
so as to be successively presented to all sides of it, the ray will
be completely reflected or transmitted when it is presented to a’,
the middle of the side A’ B’. As it is moved from a’ towards &',
the quantity of light reflected or transmitted will be less and less,
until it comes to 4’, when none will be reflected or transmitted, the
ray being wholly extinguished. As it is moved from ¥ to ¢,
the light reflected or transmitted, small in quantity at first, will
be continunally greater and greater until it comes to ¢’ the middle
of ¢’ »’, when the ray will be wholly reflected or transmitted.
As 1t is moved from ¢’ towards @', the quantity of light reflected or
transmitted is less and less, until arriving at d’ the ray is alto-
gether extinguished. After passing from d' towards @', the light
reflected, at first small, is more and more in quantity until it
comes in fine to a’, when the ray is, as at first, wholly reflected or
transmitted.

73. An instrument adapted to show the effects of polarised light
upon bodies on which it is incident or through which it is trans-
mitted, is called a PoLARISCOPE, fig. 35, p. 65, and a polarising
mieroscope or MICRO-POLARISCOPE, is a microscope by which the
observer is enabled to project polarised light upon the objects, and
to observe its effects when transmitted or reflected by them.

Micro-polariscopes have been constructed in various forms,
some depending on polarisation by reflection, and some on polari-
sation by transmission.

One of the most simple and most generally useful, consists of
two prisms of Iceland-spar, one of which, P, is placed under the
stage, so that the light by which the object is illuminated must
previously pass through it, and the other »’ is placed in the body
of the instrument between the object-glass and the eye-glass, so
that before producing the image, the rays must pass through it.

The light proceeding from P, and projected upon the object,
being polarised, and received, after passing through the object-
glass, by #’, will be wholly or partially transmitted, or altogether
extinguished, according to the sides or poles of the ray to which
certain faces of the prism are presented. If, therefore, the instru-
ment be so mounted that the prism P’ can be turned round its
axis, its faces can be presented successively to all sides of the
rays, so that the light will be in a certain position wholly trans-
mitted, and the image will be seen strongly illuminated. When
the prism is gradually turned round, the light transmitted will
be less and less, until the prism has been turned through a
quarter of a revolution, when the light will be wholly
extinguished, and the image will disappear. Continuing to turn
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the prism, the image will gradually re-appear, at first faintly,
and by degrees brighter, until the prism is moved through
another quarter of a revolution, when the image will be again
seen fully illuminated. Like changes will take place during the
other two quarters of a revolution.

Similar effects will be produced if the prism »’ be fixed, and
P be turned round its axis, In this case, by moving the polar-
ising prism P round its axis, the polarised ray is made to revolve,
because the-position of its poles a’ b’ ¢’ d’ has always a fixed rela-
tion to the faces of the prism p. Since, therefore, the polarised
ray revolves, it presents successively all its sides to the prism ¥/,
by which it is accordingly alternately transmitted, and absorbed
wholly or partially in the same manner, exactly as if the ray were
fixed, and the prism P’carried round it.

By the appearance and disappearance of the image correspond-
ing with the position of the prism 2/, the position or direction of
the planes of polarisation A’ ¢’ and B’ 0’ of the polarised ray is
known. :

These effects will be produced if the objects through which the
light is transmitted or by which it is reflected have themselves
no polarising influence. But if they have, various other -pheno-
mena will ensue, depending on the character and degree of that
influence ; but whatever it be, the state of the light, which pro-
oceeding from the object-glass forms the image, will be ascertained
by the prism P/, which is consequently called the analysing prism,
the other P being denominated the polarising prism.

Various physical characters are thus discovered in the objects
submitted to the microscope by determining the optical effects
they produce on polarised light, and many striking and beautiful
phenomena are developed.

THE MOUNTING OF MICROSCOPES.

74. The methods of mounting microscopes, so as to adapt them
to the convenience and the ease of observers, are very various,
depending on the purposes to which they are applied, their price,
the exigencies of the purchaser, and the skill, taste, and address
of the maker, -

The qualities which it is desirable to confer upon the stand and
mounting of the instrument are simplicity of construction, easy
portability, smoothness and precision in the action of all the
moving parts, and such combinations as may cause any tremor
imparted to the stand to be distributed equally over every part of
the mounting. These capital objects are attained very com-
pletely in all the mountings of the best makers, British and
Foreign.
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The most simple, and consequently the cheapest description of
mounting, is that in which fewest parts are moveable. The only
parts of a compound microscope which are necessarily moveable
are those by which the instrument is focussed, and the object
illuminated. The most simple mechanical expedient for effecting
the former is a rack and pinion attached either to the body or the
stage, and for the latter the suspension of the reflector upon an
horizontal axis, so that it can be inclined at any desired angle to
the axis of the body and the stage.

‘Whatever be the form or disposition of the stand, it is
essential that the axis of the object-piece should pass through
the centre of the stage, and that the reflector should be so set as
to be capable of reflecting light in the direction of this axis. The
body is generally a straight tube, the axis of the eye-piece and
object-piece being in the same straight line. In the case of
instruments mounted after the model of Professor Amici, however,
the body consists of a tube having two parts with their axes at
right angles, the axis of the object-piece being vertical, while
that of the eye-piece is horizontal. In this case, a prism is fixed
in the angle of the tube, at an angle of 45° with the axes by
which the rays proceeding vertically from the object-piece are
reflected horizontally to the eye-piece, on the principle already
explained (30).

76. One of the most simple models for the mounting of a com-
pound microscope was contrived by Frauenhoffer so early as
1816, long before achromatic lenses were produced. This model,
owing to its great simplicity, convenience, and cheapness, is still
extensively used for the lower priced instruments, especially by
the continental makers. .

The body of the instrument is attached to a vertical pillar, fig.
36, p. 49, and its axis is permanently vertical. It is focussed by
arack and pinion, worked by a milled head on the right of the
observer. The stage is fixed in its position, and placed on the
top of a short tube, in the lower part of which the reflector is
suspended on an horizontal axis, so that it can be placed at any
desired obliquity to the axis of the instrument, and thus can
always throw a beam of light upwards to the object. One side
of this mirror is concave, and the other plane.

For the illumination of opaque objeots, a lens is attached by
@ jointed arm to the upper part of the pillar, on which the
instrument is supported.

M. Lerebours, of Paris, makes excellent microscopes on this
model, with a triple achromatic object-piece and other accessories,
which he sells at the very moderate price of 90 francs (31, 12s.).
Several thousands of these have been sold.
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may be mentioned Messrs. Goring, Lister, Coddington, Quecket,
Mandl, Dujardin, Le Baillif, Seguier, De la Rue, and numerous
others.

"The eminent makers of the British and Continental capitals are
well known. Good instruments of the low-priced sort are made
by nearly all the opticians; but those who have more especially
devoted their labours to the microscope, are Messrs. Ross, Smith
and Beck, Powell and Lealand, Pritchard, Varley, and Pillisdier,
in London; Messrs. Nachet, Charles Chevalier and George
Oberhauser, of Paris ; MM. Ploessel and Schieck, of Vienna; and
M. Pistor, of Berlin,

‘Without the intention of nsslgmng any relative precedence 'w
these artists, we shall now present a brief description of some of
the instruments, according as they are severally mounted by
them.

CHEVALIER'S UNIVERSAL MICROSCOPE.

77. The mounting of this instrument has always appeared to
me to offer as many conveniences and advantages to the observer
as can be combined in such an apparatus.

A mahogany case A, fig. 37, p. 1, containing a drawer B, in which
the instrument and its appendages are packed when out of use,
serves as its support. A strong brass pillar, c c, is firmly screwed
into the top of the case, and upon this pillar the entire instrument
is supported.

The pillar ¢ c.sometimes is made in two lengths, which are
screwed one upon the other, by which means the height of the
instrument may be varied at pleasure, either one or both lengths
being used.,

An arm E c is attached by a joint at E to the summit of the
pillar ¢ ¢, so that it can be moved on the joint E with a hinge
motion, and may thus be placed at any angle with the pillar ¢ c.
In the figure it is represented at right angles with c c.

To the middle » of the arm E ¢, a square brass bar » ¥ ¢ is
attached at right angles to £ ¢, so that when E ¢ is at right angles
tocc, the bar » Fa is parallel tocc. In the face of the bar
D F G, which is presented to c ¢, a rack is cut.

Two square pieces P and ¥ are fitted to the bar » F ¢, and are
moved at pleasure upwards and downwards upon it by means of
pinions, having milled heads o and N.

. To the square piece P is attached the stage z, upon which the

object is placed, and maintained in its position by two springs,

one of which is shown in the figure. This stage is provided with

several adjustments, which have been already explained (31

6t seq.). It will be sufficient for the present to observe that it

is capable of being moved upwards and downwards with the
77
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square piece P, to which it is attached by turning the milled
head o, and that a slower motion, to give more exact adjust-
ment, is imparted to it by a fine screw having a milled head
at Q.

To the square piece M is attached the illuminator H, on one side,
X, of which is a corcave reflector, and on the other, 1, a smaller
plane reflector. This illuminator has two motions, a horizontal
orlateral one upon a joint at M, by which it can be placed at
pleasure either vertically under the centre of the stage z, or at a
limited distance on one side or other of the vertical through the
centre of the stage. The circular illuminator is suspended at two
points diametrically opposite in a semicircular piece, and may be
placed at any desired inclination to the vertical, and with either
refloctor upwards by means of the milled head 1.

From the lowest part of the pillar c ¢ a piece projects, having a
eavity corresponding with the size and form of the bar » F e,
into which that bar enters when it is vertical as represented in the
figure, and in which it is held by the pin at c.

The body of the microscope, as shown in the figure, is reot-
angular, . The eye-tube T is moved backwards and forwards in the
body by a pinion U working in a rack. The eye-piece s is
Igerted in this tube, and the eye is protected from the light by a
circular blackened screen, seen edgeways in the figure, The

tube v X is inserted by a bayonet-joint in the remote

e of the body B, in which it is capable of being turned, so

that the object-tube x shall be horizontal, to enable the observer

::ﬂl greater facility to screw on or to change the object-glasses
Y.

. The body is attached to the bar & ¢ by a joint at ¢, upon which
it can be turned, by which means other positions can be given to
the instrument, as will presently be explained.

An assortment of object-glasses is supplied, which may be
tcrewed at pleasure upon Y. They are adapted to each other in
sts of three, so that one, two, or three may be attached to ¥
ording to the power required.

In the angle b of the body, a rectangular prism is fixed, by
whioh the rays proceeding upwards from ¥ are reflected horizontally
the axis of B to the eye-piece, on the principle explained

1 30,

. Beveral eye-pieces of different powers are supplied with the
Instrament.

_The magnifying power may be varied within certain narrow
limits by moving the eye-tube in or out by the pinion U, and at
the same time adjusting the focus by the pinions o and @, which
move the stage z. When it is desired to augment the power, the
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tube T is drawn out so as to lengthen the body, and the stage z
is brought nearer to the object-glass Y. The effect of this is to
increase the dimensions of the optical image produced in the eye-
piece by the object and field glasses, as explained in 6.

If a greater increase of magnifying power be desired, the eye-
piece may be withdrawn, and a shorter one substituted for it.

But these expedients are only useful when the increase of power
required is confined within comparatively narrow limits. All
greater amplification must be produced by the object-glasses.
These, as has been explained, are made in sets of three, having
different powers. The lowest power will be obtained by serewing
the first lens only of the lowest set upon Y ; the next by screwing
on the second ; and the next by screwing on the third ; by which
the powers of all the three will be combined.

If it be desired to obtain a still higher power, these lenses
being taken off, the first lens of the set next in order is screwed
on, then the second, and in fine the third, by which another
series of three increasing powers is obtained.

In this manner, by a suitable assortment of object-glasses and
eye-pieces, any desired degree of amplification can be obtained.’

The height of the case A and the length of the pillar ¢ care
so arranged, that when the case is placed upon a table of the
usual height, the eye of an observer of average height when seated
will be on a level with the eye-piece s.

‘When the observer is about to submit an object to examination,
having mounted the instrument, placed it firmly upon a table
with an even surface so as to prevent any rocking or instabilitys
and regulated the height of his seat so that his eye shall be at th®
level of the eye-piece, he selects an eye-piece and object-glass®®
having a suitable magnifying power, and in doing this it is mos*
important to commence with a low power, to be graduall¥
increased. For this purpose, one object-glass of a set is fir®
screwed on, after which two, and in fine three, are used.

In this manner a survey is taken of the general outline an
larger parts in the first instance, and the more minute partZ
afterwards,

78. The most generally convenient position for the instrument
is that which is shown in fig. 37. If a vertical position be—
desired, it may however be easily obtained. For this pur——
pose the rectangular piece v is drawn out of the bayonet-joint,
and the object-tube is directly inserted in the body, so that its-
axis shall be horizontal and coincident with that of the body =
and the eye-tube T. The body is then turned upon the joint ¢
until it is raised into the vertical position. The relative position
which the parts then assume is that which is shown in fig. 38,
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79. When chemical phenomena are submitted to mieroscopic
examination, and in general when liquids are observed which are
lisbletoevaporation, it isfound
inconvenient to place the stage b
under the object-glass, inas-
much as the vapour proceed-
ing from the liquid being
mere or less condensed upon
it destroys the olearness of
the image,

‘Acid vapours sometimes rise
ftom the substances under ex-
periment, which often tarnish
the object-glasses, and almost
always corrode the metal of
the instrument.

In such cases, therefore, it

s necessary to provide means
to place the liquid under ob-
%rvation in a glass capsule
(s watch-glass, for example)
above the object-glass, which
must consequently be directed
upwards, the stage supporting
the capsule being over it.

Toaccomplish this, the rect-
angular piece v X is turned
within the body upon its bay-
anet-joint through half a eir-
cumference, so that the object-
tube x is presented vertically
Upwards, as shown in fig, 39. The arm e f carrying the stage !,
the diaphragm A to limit the illumination, and the illuminating
Teflector or lens g, is then fixed upon the tube x ; these pieces
being severally moveable on the bar ¢ f in the manner already

ibed.

This arrangement is also useful when it is required to observe
minute bodies which sink to the bottom of liquids, or animalcules
Which rarely come near the surface.

In certain cases, also, the circulation of the blood can only be
observed with the instrument in this position.

80, It is sometimes desirable to direct the instrument hori-
sntally towards the stage placed vertically. To accomplish
this, it is only necessary, after arranging the instrument as
thown in fig. 40, to turn the arm & ¢ round through an aa;gle of
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90°, the pin @ being withdrawn, so as to leave the bar D F @
with the stage and its appendages free to turn on the joint & with
the arm E ¢, The body R and the bar » ¥ @ will then be brought

Fig. 80.

into the horizontal position. The stage will then be vertical, and
the object will be held in its position by the springs.

The illumination of the object may be produced either by the
refleotor or lens in the manner already described ; or, if they are
removed from the bar » ¥ @, the stage may be presented directly
to the light of the sun, the clouds, or a candle or lamp.

In some cases, however, when it is necessary to obtain a more
intense illumination, an apparatus represented at s &' is employed,
consisting of two convex lenses placed in the ends of a comical
tube which slides upon the bar, by means of a square piece at the
end of the arm #.
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Besides the several motions above described, the body of the
instrument has motion in an horizontal plane round the piece a,

Fig. 40.

3. 87, as a centre. This motion is very convenient when the
strument is used in the positions shown in figs. 37, 38, and 39,
Tt
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for the purpose of changing the angles. In general, and nwe
especially when high powers are used, the object-glasses are
close to the stage, that they cannot be conveniently unscrewed
and changed without either removing the object-tube from the
stage, or the latter from the former. If, however, the body be
turned horizontally upon the centre a through a few degrees, the
-objéct-tube will be removed from over the stage, and the lenses
«can easily be changed.

This method may also be practised in the positions shown in
figs. 38 and 40, but it is more convenient to turn the rectangulsr
Piece Y X upon the bayonet-joint, as directed above.

Another advantage which attends this horizontal motion of the
body round the centre a, is, that it enables the observer to direct
the object-glass successively on different points of an object, the
whole of which is not included in the field of view. This, how-
ever, can only be practised where low magnifiers are used. .

To place this microscope in any desired inclined position, it 1%
-only necessary to place the body, as represented in fig. 38, and
then taking out the pin @, fig. 37, to turn the bar D F & togeth®®
‘with the body & into the desired inclination.

ROSS'S IMPROVED MICROSCOPE.

81. Mr. Ross holds a place in the foremost rank of philosophi"al
artists, and deservedly enjoys an European celebrity. .

To his labours, perseverance, and genius, much of the perfe_cﬁl"ﬂ'
attained in the codstruction of object-lenses is due. e
adjusting object-piece, already described, is one of his recer?
inventions (19). :

In the progressive improvement which the microscope has
andergone in his hands, the stand and the mounting, with the
provisions for the arrangement of the accessories, have of course
‘been more or less modified from time to time, and are at present
varied according to the price of the instrument, and the purposes
of the observer. v

82. 'We shall here give a short description of the most recent
form given by him to his best instruments.

Upon a tripod, 1, 1, fig. 41, are erected two upright pieces, 2, 2,
strengthened by inside buttresses, 3. These uprights support an
horizontal axis, 4, which passes nearly through the centre of gravity
of the instrument, and upon which it turns, so that the axis of the
body may be placed in any direction, vertical, horizontal, or
oblique. The rectangular bar, 5, having a rack at the back, is
moved in the box, 6, by the pinion, 7. The body, 8, is inserted
in a ring at the end of the arm, 9, which latter is fived upon a
pin at the end of the rod, 5, upon which it turns, so as to remove
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at pleasure the object-piece from over the stage, to change or clean
the lenses. The arm, 9, can be fixed in its position by the pin,
whose milled head is 10.

The instrument is focussed first by moving the body to and from
the stage by means of the pinion, 7, and rack, 5, the adjustment
being completed by a much slower motion imparted to the body
by the milled head, 11, which is connected with a screw and lever,
by one revolution of which the body is moved through the
300th part of an inch. An elastic play is allowed to the body, so
as to guard against injury by the accidental contact of the object-
piece with the slide.

The usual rectangular motions are imparted to the stage, 12,
through the extent of an inch, by the milled heads, 13, which
act on pinions, by which the racks are driven which carry the
stage right and left, and backward and forward. The illumi-
nating mirror, 14, is supported in the usual way, so as to be placed
at any desired angle with the axis of the instrument. Below the
stage is fixed an arm, 15, capable of being moved up and down
by rack and pinion. This arm supports a tube, 16, intended to
receive apparatus to modify the light transmitted by 14 to the
object. Various apparatus for condensing and otherwise modify-
ing the illumination are provided, which fit into this tube, 16.
A motion of revolution round its axis is given to this tube by the
milled head, 17. By these means, the effect of oblique light can
be shown on all parts of the object. A condenser, 18, invented
by Mr. Gillet, of a peculiar construction, provided with a series
of diaphragms formed in a conical ring, is inserted beneath the
stage.

Polarising apparatus, and other appendages, can also be attached
to the secondary stage.
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is a tabulated statement of the powers resulting from these com
binations, the four eye-glasses being designated in the order «
their powers, by the letters A, B, ¢, and ». The prices of th
object-glasses severally are given in the last column of the tabl
and the slightest reference to them will explain the general desii
of microseopists to diminish expense, by varying their powers, t
the expedient of separating the lenses which enter into the com
position of the object-pieces.

Achromatic Object-glasses for Microscopes.

! |

| Objectglasses. |  Angular | Magnilying Fowors ith the | Price.

| i P . :

! A.ln{c\n.gg,_d_

I 2 inches. . | 12 degrees. | 20| 30 6o | 3 o o

[T o .- 1§ 4y . 60 8o xoo 120/| 2 o ©

RTINS 22,y . ” ) ) I 310 ©

I 4 , ..| 65 , .| 100] 130 180 | 220 5 § ©
., .. 8 ,, .| 220/ 350 | 500 | 620 5§ § o

i s ++|135 4 .| 320]| 510| 700 | 910 || 10 © ©

| g 99 oo | 150 4, .| 420 | 670 | 900 [1200 || 12 © O

' ¥F » .| 170 4, .| 650 | goo 1250 2000 || 18 o ©

‘When angular apertures, so extreme as those indicated in 1
preceding table, are attempted, it is necessary that the obje
lens presented to the pencil diverging from the object, shall
of the meniscus form, the concave side being turned towards 1
objeot, for the reasons explained in 19,

Besides the larger class of instruments above described, B
Ross constructs microscopes in a variety of other forms, whi
are placed within the reach of those who do not find it com¥
nient to incur the expense of the larger instrument.

MESSRS, SMITH AND BECK’S MICROSCOPE.

84. The largest and most efficient class of instruments cor
structed by these artists, do not differ much in their mountir
from those of Mr. Ross above described. Like the latter, the
are supported by a horizontal axis, between two strong vertiot
pillars, screwed into a tripod base. The instrument with if
appendages, turning on the horizontal axis, can thus be placed &
any obliquity whatever with the vertical. The coarse adjust
ment of this microscope is made by a rack and pinion, by whic
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the entire body is moved to and from the stage. The object-
pieoce is set in a tube, which moves within the principal tube of
the body, the motion being imparted to it by a fine screw with a
milled head, which constitutes the fine adjustment. Two dif-
ferent kinds of stage are supplied, one called the lever stage,
consisting of three plates of brass, the lowest of which is fixed,
and the other two provided with guides and slides, and a lever by
which they may be moved, together or separately, in directions at
right angles to each other; the other form of stage also has two
motions at right angles to each other, one produced by rack and
pinion, and the other by a screw whose axis is carried across the
stage, and is turned by the left hand, while the rack and pinion
18 turned by the right hand.

85. Messrs, Smith and Beck also construct other forms of

Microscope, which, though perfectly efficient, are cheaper and more
Simaple ; one of these is represented in fig. 42, p. 17. It is mounted
QPpon a vertical pillar, supported on a tripod T; the body of the
Mmicroscope plays upon a cradle joint, to which the bent arm
U yis attached ; the body of the instrument is moved by a rack
and pinion in a triangular groove formed in the upper part of
this arm; the coarse adjustment is made by the milled heads
Which move the entire body to and from the stage. In the
lower end of the body, a tube is inserted, from which an arm
Pxojects, in which a fine screw plays, which is connected with
Angther arm attached to the body of the instrument: by turning
the milled head, a slow motion is therefore imparted to the
Cube thus inserted in the lower extremity of the body. In the
end of this tube the object-picce is set, so that the fine adjust-
Tnent is made by this screw.

To the lower end of the bent arm v v, the stage and its
Appendages are attached; two motions at right angles to each
Other are imparted to the stage, by milled heads; the reflector
18 mounted in the usual way, and provisions are made under the
stage, by which achromatic condensers, polarisers, and other

apparatus can be applied ; the disc of diaphragms is shown at 1. ;
1t is mounted on a short piece of tube, in which polarising and
other apparatus may be inserted.

86, Messrs. Smith and Beck supply with their best microscopes

eye-pieces and five object-pieces, the powers of which, as
Well a8 their angles of aperture, are indicated with their prices in
the annexed table. .
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Achromatic Object-glasses for the Microscope.

Focal PMW Magnifying Power nearly.* Aneri e of o Iﬁ?‘oh:—
length. With Eye-pieces.| about o addi
No.1.'No.2. No.3. "'
closed 20 45 | 80 £ s d| o
1} inch for each inch 13degs., 3 o of 15
4 6 8
closed . . 60 ' 105 180
% inch Add for each inch' 27degs.l 3 3 o 11
oftube . . . 7 12| 20
Tube closed . ., 1 -
% inch Add for each inch ‘ 55degs.| 5 § o| 10
oftube . . . 12
Ditto Ditto . . . do. 65 degs.| 6 6 o] 10
Ditto Ditto . . . do. 75 degs.| 7 7 o| 10
Tube closed . ., ‘ 720’ |
} inch |Add for each inch’ , 85degs.| 6 6 o !
of tube . . . 45 8 '
| Ditto ' Ditto . . . do. do. do. {100degs.! 7 7 o
Tube closed . .| 450; 760 1300! .
} inch [Add for each inch: | '1oo degs.! 8 8 o |
oftube . . . 40, 60 115
Ditto Ditto . . . do. | do. do. 120 degs. 10 10 ©
| |

T L YL 8 e i g, g rose

Among the accessories of the microscope due to Messrs. Smith
and Beck, we must not omit to mention the microscope-table,
contrived to facilitate the observations of several persons directed
to the same object with the same microscope. Every one who
has used this instrument is aware how fatiguing it is to several
persons to succeed one another in observing with the same instru-
ment. They are obliged constantly to. shift their position, and
consequently to make their observation standing. The micro-
scope-table, if it do not entirely remove this inconvenience,
greatly diminishes it. It is a circular table, firmly supported on a
pillar and claw, capable of being turned with & smooth motion
round its centre in its own plane. The observers sitting round
. it, the microscope is moved successively to the position occupied
by each of them by merely turning the table. The best sort of
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the same time, and through the same object-piece by two or more
different observers.

Such is the principle upon which the multocular microssope
of M. Nachet is based.

90. A double instrument of this description is shown in fig. 43,
where A is the object-piece directed vertically downwards on the
stage ; above it is a case, containing a triangular prism which is
so formed that the light, reflected from its left side shall pas
along the axis of the right-hand tube, and that reflected from
its right side along the axis of the left-hand tube. Observers
looking into eye-glasses set in these tubes, would therefore both
see the same object in precisely the same manner.

It may perhaps be objected, that the focus which would suit the
eye of one observer, would not suit the other; the difference,
however, between the focal adjustments of different eyes is always
so inconsiderable, that it can be equalised by a small motion
given to the tubes carrying the eye-pieces.

Microsoopes, as they are usually mounted, reverse the objects,
the top appearing at the bottom, the right at the left, and ies
versd. This being found inconvenient in instruments used for
dissection, where the motion of the hand and the scalpel of the
operator would be reversed, expedients are provided by which the

image is redressed, and the object viewed in its natural position.
This is accomplished in the microscope represented in fig. 43, by
86






















- LINCEUS—CYCLOPS.

contrast with the surrounding parts. They are encased in the
shell by which they are protected. The beak, b, is pointed, and
participates in the general convexity of the shell. Under it is
placed a second beak-like projection, somewhat shorter, and
having three coarse hairs at its extremity, which probably serve
the purpose of palpi or feelers. Below this are placed the
two antenns, ¢, each of which is terminated by similar but
longer hairs, The false feet or branchiw, which are four in
number and ranged along the edge of the shell, are covered
with hairs, and terminate like the antenns; by their action a
. rofatory motion is imparted to the animalcule, which is accele-
rated by the action of the projecting part, d, against the water.
This part is ciliated on its posterior edge, and armed at its
extremity with strong claws. The ovaries, which appear at e,
have a greenish-blue colour, and the form of a mulberry. The
eonvolutions of the alimentary canal with the food contained in
it are visible with the microscope from one extremity to the

Bat the most remarkable organ is a small oval body placed
behind the head and shown in the upper part of the figure, This
body has a rapid motion of pulsation.

5. These creatures feed upon animalcules, and in their turn
become themselves the prey of aquatic larve and coleoptera, such as
the water-beetles. They are the especial food of the lurco, or
glutton (the larva of the naid), a magnified view of which is shown
infig. 5, with several lincei, ¢, visible within it. The young ones are
seeu playing around the mother, and on the approach of an enemy
they rush for protection under her cuirass, which she immediately
¢loses upon them.

6. The crustaceous animalcule represented in B, fig. 1, in its
natural size, and in A, fig. 2, magnified, is the four-horned cyclops,
o little water-fly ; the cyclops quadricornis of Miiller, the mon-
ooulus quadricornis of Linnseus, and the pediculus aquaticus, or
water-louse, of Baker. The figure was drawn by Dr. Goring, and
described by Mr. Pritchard in the Microscopic Cabinet.

This little animal is found at all seasons in water, but more
topecially in the months of July and August, when it may be
';ﬂ}aietaken by a net at the depth of about an inch below the

The body is covered with scales, which have a vertical and

motion. Their edges do not meet under the insect, but
lave o space for the insertion of the organs of respiration, a.
The beak is short and pointed, and is a mere prolongation of the
"ft segment of the body. A little above it is inserted in the
J furass a single eye of a crimson colour, so dark as to approach

ey tp e s -
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MICROSCOPIC OBJECTS.

The colours of the coat of these insects vary in different indivi-
duals, as well as the colours of their ovaries, some being of a
greenish-blue, and others red with green ovaries.

Another variety of this, called by Miiller the oyclops minutus,
or little cyclops, and popularly the jumper, is shown in B, fig. 5,
as drawn by Dr. Goring, the animaleule being in a bent position,
one of its characteristio attitudes. The real length of this
specimen was about the 250th of an inch.

The structure of the coat, or cuirass, is similar to that of the
animalcule represented in 4, fig. 2, but it has a greater number of
segments and a more graceful outline. The single eye is encrusted
in the shell. The antenn® have not as many artioulations as
those of fig. 2, and the inferior pair of palpi is more plumed at
the extremities, The most remarkable distinction between the
two species is, that the latter is much smaller and supplied with
only a single gill or respiratory organ under its beak. It has ten
feet, and the female carries only a single bunch of eggs under the
abdomen. In some individuals the respiratory organ observed by
Mr, Pritchard has the form represented in B, fig. 6.
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Vertical section, showing its internal arrangement.—25. View of
these habitations.—26. Contrivances in their construction.—27. Use
made of them by the wild cattle.—28. Used to obtain views to seaward.
—29. Use of domic summit for the preservation of the colony.—
30. Position, form, and arrangement of the royal chamber—its
gradual enlargement for the accommodation of the sovereigns.—31.
Its doors.—32. The surrounding antechambers and corridors.—33.
The nurseries,—34. Their walls and partitions.—35. Their position
varied according to the exigencies of the colony.—36. The continual
repair and alterations of the habitation.—387. Peculiar mould which
coats the walls.—38, The store-rooms for provisions—the inclined
paths which approach them—the curious gothic arches which sur-
mount the apartments.—39. The subterranean passages, galleries,
and tunnels,—40. The covered ways by which the habitation is
approached.—41. The gradients or slopes which regulate these covered
ways,—42. The bridges by which they pass from one part of the
habitation to another.—43. Reflections on these wonderful works.—
44. The tenderness of their bodies render covered ways necessary.—
45. When forced to travel above ground they make a covered way—
if it be accidentally destroyed they will reconstruct it.

1. OF all the classes of insects which live in organised societies,
the most remarkable after the bee are the family Termitine, popu-
larly known under the name of white ants, though they have
little in common with the ant, except their social character and
habits.

Much discordance has prevailed among naturalists respecting
their history and classification. They were assigned by Linnsus to
the order Aptera, or wingless insccts. More exact observation
has, however, proved this to be erroncous; since, in the perfect
state, they possess membranous wings like those of the dragon-fly,
which being four in number, they have been more correctly
assigned to the order Neuroptera. Kirby regards them as forming,
together with the ants, a link between the orders Neuroptera
and Hymenoptera, bemg allied to the latter by their social
instinets.

2. Scarcely less remarkable than the beein their social organisa—
tion, they differ from that insect inasmuch as while the labours
of the latter are attended with no evil to mankind, but are,
on the contrary, productive of an eminently useful and agreeable
article of food, the Termites, so far as naturalists have yet dis—
covered, are productive of nothing but extensive and unmitigal
mischief.

3. These insects live in societies, each of which consists of
countless numbers of individuals, the large majority of which are
apterous, or wingless. Two individuals only in each society, &
male and a female, or according to some, a king and a queen, are
winged, and these alone in the entire society are specimens of th®
perfect insect, The general form of their bodies is shown im
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feeding and tending them until they have attained sufficient
growth to provide for themselves.

9. The soldiers, of whom, as already observed, there is not more
than one to every hundred workers, are dmtmgulshed by their
long and large heads, armed with long pointed mandibles. Their
duty, as their title implies, is confined to the defence of the society
and of their common habitation, when attacked by enemies.

10. The nymphs differ so little from the workers, that they
would be confounded with them, but that they have the rudi-
ments of wings, or, more strictly speaking, wings already formed,
folded up in wing cases. These escaped the notice of the earliest
observers, having been distinguished by Latreille.

11. Naturalists are not agreed as to the physiological character
of these three classes of the society. Some consider the workers
as the larve which, at a certain advanced period of their growth,
are metamorphosed into the nymphs, which themselves finally pass
into the state of the perfect winged insect.

According to Kirby, the soldiers correspond to the neuters in
other societies of insects. As he observes, however, they differ
from the neuters of the societies of Hymenoptera, which are a sort
of sterile females. He conjectures that the soldiers may be the
larvee which are finally transformed into the perfeet male inseot.
Great differences of opinion, however, prevail on this subject among
entomologists.

For our present purpose, these doubtful questions, whatever
interest they may have for naturalists, are altogether unimportant.
‘What we desire at present to direct attention to, is the curious
manners and habits of these inseets, which have been ascertained
by many eminent naturalists, and have been described with great
minuteness by Smeathman in the seventy-first volume of the Philo-
sophical Transactions, from whose memoir we shall here borrow
largely.

According to Smeathman, the following is the manner in which
the establishment of each colony takes place.

12, The pupm or nymphs, which compose, as has been stated,
part of a society, are transformed into the perfect insect, their
wings being fully developed and liberated from the wing cases
soon after the first tornado, which takes place at the close of the
dry season, and harbingers the periodical rains. The insects, thus
perfected, issue forth from their habitation in the evening, in-
numbers literally countless, swarming after the manner of bees.
Borne upon their ample wings, and transported by the wind, they~
fill the air, entering houses, extinguishing lights, and being some—
times driven on board ships which happen to be near the shore—
The next morning they are seen covering the surface of the eartlm-
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caterpillar or moaggot of the palm-tree smout beetle, which #s
served up at all the luxurious tables of West Indian epicures,
particularly of the French, as the greatest dainty of the Western
World.

14, Troops of workers, apparently deprived of their king and
queen, which are constantly prowling about, occasionally encounter
one of these pairs, to which they offer their homage, and seem to
elect them as the sovereigns of their community, or the parents of
the colony which they are about to establish. All the individuals
of such a swarm, who are not so fortunate as to become the objects
of such an election, eventually perish under the attacks of the
enemies above mentioned, and probably never survive the day
which follows the evening of their swarming.

15. So soon as this election has been made, the workers begin
to enclose their new rulers in a small chamber of clay, suited to
their size, the entrances to which are only large enough to admit
themselves and the soldiers, but much too small for the royal pair
to pass through, so that their state of royalty is a state of confine-
ment, and so continues during the remainder of their lives.

16. The impregnation of the female is supposed to take place
after this confinement, and she soon begins to furnish the infant
colony with new inhabitants. The care of feeding her and her
male companion devolves upon the workers, who supply them both
with every thing that they want. As she increases in dimensions,
they keep enlarging the cell in which she is detained. When the
business of oviposition commences, they take the eggs from the
female, and deposit them in the nurseries. Her, abdomen now
begins gradually to extend, till, in process of time, it is enlarged
to 1500 or 2000 times the size of the rest of her body, and her bulk
equals that of 20000 or 30000 workers.

17. A drawing of the pregnant queen in her natural size is
given in fig. 9.

Fig. 9.—The Pregnant Quecn.

18. The abdomen, often more than three inches in length, is
now a vast matrix of eggs, which make long circumvolutions
through numberless slender serpentine vessels : it is also remark~
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been carried beneath the ground surrounding their base, and
which supply covered ways by which the workers are enabled to
go forth in quest of provisions. The interior of the mounds
themselves are of most curious and complicated structure, con-
sisting of a variety of chambers and corridors, formed with the
most consummate art, and adapted in shape and size to the
respective purposes to which they are assigned in the gemerl
-economy of the colony.

24, In the superior part of the mound, a dome is construsted,
surmounting the habitations of the animals so as effectively to
shelter them from the vicissitudes of weather. This may be
seen in the vertical scction of one of these mounds, shownin
fig. 10. The exterior covering of this dome is much stronger tha
the internal structure beneath it, which constitutes the habifa-
tion of the colony, and which is divided with surprising regu-
larity and contrivance into a vast number of chambers, one of
which is appropriated to the sovereigns, and the others distributed
among the soldiers, the workers, as nurseries, and as store-rooms.

The process by which these conical structures are raised is thus
described.

25. The habitation makes its first appearance as vme or two
small sugar-loaf-shaped mounds about a foot in height, While
these are gradually increasing in height and magnitude, others
begin to appear near them, which likewise increase in number ;
and by the enlargement of their basis, they at length coalesoce at
the lower parts. The middle mounds are always the highest, and-
the largest, and by gradually filling up the intermediate space
by the enlargement of the bases of the several mounds, a single
mound, with various sugar-loaf-shaped masses of less magnitudes=
growing out of it, is produced, as shown in tig. 10.

a a a.” Turrcts by which their hills are raised and enlarged.

2. A section of 1, as it would appear on being cut down through
the middle, from the top to the bottom, a foot lower than the
surface of the ground.

A A. An horizontal line from A on the left, and a perpendicular
¥ine from A at the bottom will intersect each other at the
royal chamber.

The darker shades near it are the empty apartments and
passages, which, it secms, are left so for the attendants on
the king and queen, who, when old, may require near one
hundred thousand to wait on them every day.

The parts which are least shaded and dotted, are the
nurseries, surrounded, like the royal chamber, by empty
passages on all sides, for the more easy access to them with
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the eggs from the queen, the provision for the young, &eo.
N.B. The magazines of provisions are situated without any
seeming order, among the vacant passages which surround the
nurseries.

B, The top of the interior building, which often seems, from the
arches carried upward, to be adorned on the sides with
pinnacles.

c. The floor of the area or nave.

p D D, The large galleries which ascend from under all the
buildings spirally to the top.

£ E. The bridge.

3. The first appearance of a hill-nest by two turrets.

4. A tree with the nest of the Termites arborum, with their
covered way.

F ¥ ¥ ¥, Covered ways of the Termites arborum.

5. The nest of the Termites arborum.

6. A mest of the Termites bellicosi, with Europeans on it.

7. A bull standing sentinel upon one of these nests.

@ @ 6. The African palm-trees from the nuts of which is made the
Oleum palme.

26. When by the accumulation of these turrets the dome has
been completed, in which process the turrets supply the place of
scaffolding, the workers excavate the interior of them, and make
use of the clay in building the partitions and walls of the apart-
ments constructed in the base of the mound which constitutes
their proper habitation, and also for erecting fresh turrets sur-
mounting the mound and increasing its height. In this manner
the same clay, which, as has been already explained, was excavated
from the underground ways issuing around the mound, is used
several times over, just as are the posts and boards of a mason’s
soaffolding.

27. When these mounds have attained a little more than half
their height, their tops being then flat, the bulls which are the
leaders of the herds of wild cattle which prevail in the saurround-
ing country, are accustomed to mount upon them so as to obtain
a view of the surrounding plain: thus placed they act as sentinels
for the general herd which feeds and ruminates around them,
giving them notice of the approach of any danger. This circum-
stance supplies an incidental proof of the- strength of these
structures.

28. Smeathman states that when he was in that country, and
desired to obtain a view of the sea to ascertain the approach
of vessels, he was in the habit of mounting with three or four

his assistants upon the summits of these conical mounds,
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the elevation of which was sufficient to enable him to obtain a
satisfactory view.

29, The superior shell or dome by which the mound is sur--
mounted is not only of use to protect the interior buildings from
external violence and from the tropical rains, but, from its non-
conducting quality, to preserve that uniform temperature within,
which is necessary for hatching the eggs and cherishing the-
young.

30. The royal chamber appropriated to the sovereigns engrosses.
much of the attention and skill of their industrious subjects, It
is generally placed about the centre of the base of the mound, at
the level of the surrounding ground, and has the shape of half
an egg divided by a plane at right angles to its axis passing a.
little below its centre. Thus the shape of this chamber is that
which architects call a surmounted dome. Its magnitude is pro-

portioned to that of the king and queen to whom it is appropriated.
In the infant state of the colony, before the queen is advanced in

pregnancy, the diameter of this room does not exeeed an inch,

but as the royal lady increases in the manner already described,

the workers continually enlarge the room, until at length it.
affains a diameter of eight or nine inches. Tts floor is perfectly

level, and formed of clay about an inch thiek. The roof is formed

of a solid well-turned oval arch increasing in thickness from a.
quarter of an inch at the sides where it rests upon the floor.

31. The doors are cnt in the wall, and made of a magnitude
suitable o the entrance and exit of the soldiers and workers who
attend on the royal pair, but much too small for the passage of the
royal personages themselves.

32. This large chamber is surrounded by numerous others of
less dimensions, and various shapes, all of which have arched
roofs, some circular, and some elliptical. These chambers com-
munjcate with each other by doors and corridors. Those which
are immediately contiguous to the royal chamber are appropriated
to the soldiers, who are in immediate attendance on the sovereign,
and to the workers, whose duty it is to supply and attend the royal
table, and to carry away the eggs as fast as they are laid by the
Queen,

33. Around these antechambers is another suite of apart-
Ients, consisting of store-rooms for provisions, chambers for the
Teoeption of the eggs, and nurseries for the young. The store-
Tooms are constructed like other parts of the habitation, with walls.
and partitions of clay, and are always amply supplied with provi-
fiong, which, to the naked eye, seem to consist of the raspings of’
Wood and plants, which the workers destroy. Upon submitting
them to the microscope, however, they are found to consist prin—

N



THE WHITE ANTS.

cipally of vegetable gums and inspissated juices. These are
thrown together in masses of different appearance, some resem-
bling the sugar on preserved fruits, some transparent, and others
opaque, as is commonly seen in all parcels of gum.

The nurseries, on the other hand, are constructed in a manner
totally different from the other rooms.

34, The walls and partitions of these consist entirely of wooden
materials, cemented together with gum. These nurseries, in
which the eggs are hatched, and the young secured, are small
irregularly shaped rooms, none of which exceed half an inch in
width.

35. When the nest is in the infant state, the nurseries are
elose to the royal chamber; but asin process of time the queen
enlarges, it is necessary to enlarge the chamber for her accommo-
dation; and as she then lays a great number of eggs, and requires
a greater number of attendants, so it is necessary also to enlarge
and increase the number of the antechambers; for which purpose
the small nurseries first built] are taken to pieces, rebuilt a little
further off a size larger, and their number increased.

36. Thus they continually enlarge their apartments, pull down,
repair, or rebuild, according to their wants, with a degree of
sagacity, regularity, and foresight, not observed among any other
kind of animals or insects.

37. There is one remarkable circumstance attending the nur-
series which ought not to be omitted. They are always found
slightly overgrown with mould, and plentifully sprinkled with
white globules, about the size of the head of a small pin. These
may be at first mistaken for eggs; but submitting them to the
microscope, they appear to be a species of mushroom, similar
to the common mushroom, of the sort usually pickled. They
appear, when whole, white like snow a little thawed and after-
wards frozen; and, when bruised, seem to be composed of an
infinite numbet of pellucld partlcles, having a nearly oval form,
and difficult to be separated. The mouldiness seems to be com-
posed of the same kind of substance. The nurseries are enclosed
in chambers of clay, like the store-rooms, but much larger. In
the early state of the nest, they are not bigger than a hazel-nut,
but in large hills are much more spacious.

38. These magazines and nurseries, separated by small empty
chambers and galleries, which run round them, or communicate
from one to the other, are continued on all sides to the outer wal-
of the building, and reach up within it to two-thirds or three-
fourths of its height. They do not, however, fill up the whole o:
the lower part of the hill, but are confined to the sides, leaving

n open area in the middle, under the dome, very much resem-
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fetching clay, wood, water, or provisions; and they are certainly
well caleulated for the purposes to which they are applied, by the
spiral slope which is given them ; for if they were perpendicular,
the labourers would not be able to carry on their building with so
much facility, since they cannot ascend a perpendicular without
great difficulty, and the soldiers can scarcely do it at all.
It is on this account that sometimes a road, like a ledge, is
made on the perpendicular side of part of the building within
their hill, which is flat on the upper surface, and hdlf an inch
wide, and ascends gradually like a staircase, or like those
roads which are cut on the sides of hills and mountains, that
would otherwise be inaccessible; by which, and similar con-
trivances, they travel with great facility to every interior part.

42. This too is probably the cause of their building a kind of
bridge of one vast arch, which answers the purpose of a flight of
stairs from the floor of the area to some opening on the side
of one of the columns which support the great arches. Such
bridges shorten the distance considerably to those labourers whe
have the eggs to carry from the royal chamber to some of the
upper nurseries, which in some hills would be four or five feet in
the straightest line, and much more if carried through all the
winding passages which lead through the inner chambers and
apartments.

Smeathman found one of these bridges half an inch broad, a
quarter of an inch thick, and ten inches long, making the side of
an elliptic arch of proportional size; so that it is wonderful it
did not fall over or break by its own weight before they got it
joined to the side of the column above. It wasstrengthened by a
small arch at the bottom, and had a hollow or groove all the length
of the upper surface, either made purposely for the inhabitants
to travel over with more safety, or else, which is not improbable,
worn so by frequent treading.

43. ¢ Consider,” observes Kirby, ¢ what incredible labour and
diligence, accompanied by the most unremitting activity and the
most unwearied celerity of movement, must be necessary to enable
these creatures to accomplish, their size considered, these truly
gigantic works. That such diminutive insects, for they are
scarcely the fourth of an inch in length, however numerous,
should, in the space of three or four years, be able to erect a
building twelve feet high, and of a proportionable bulk, covered by
a vast dome, adorned without by numerous pinnacles and turrets,
and sheltering under its ample arch myriads of vaulted apart-
ments of various dimensions, and constructed of different materials
—that they should moreover excavate, in different directions, and
't different depths, innumerable subterranean roads or tunnels,
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they will be seen as numerous as ever passing both ways along it,
and they will again in like manner reconstructit. But if the
same part be destroyed several times sucoessively, they will give
up the point and build a new covered way in another direction.
Nevertheless, if the old one should lead to some favourite source
of plunder, they will, after a few days’ interval, still reconstruct it,
apparently in the hope that the cause of destruction will not again
oocour, nor will they in that case wholly abandon the undertaking
unless their habitation itself be destroyed.
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65, Their rage and fury against those who attack them.—66. Their
industry and promptitnde in repairing the damage of their habitation.
—=67. The vigilance of the soldiers during the process of repair.—
68. Effects of a second attack on their habitation, conduct of the
soldiers.—69. Difficulty of investigating the structure of their habita-
tions—obstinate opposition of the soldiers—discovery of the royal
chamber—fidelity of the subjects to the sovereign—curious experiment
of Mr. Smeathman.—70. Curious example of the repair of a partially
destroyed nest.—71. The marching Termites—curious observation of
their proceedings by Smeathman—remarkable conduct of the soldiers
on the occasion.

46, A smaller species of Termites erect habitations, which, if
they are of less dimensions, are not less curious in their structure..

These buildings are upright cylinders, composed of a well-
tempered black earth or clay, about three quarters of a yard high,
and covered with a roof of the same material in the shape of a
cone, whose base extends over and hangs down three or four
inches wider than the perpendicular sides of the cylinder, so that
most of them resemble in shape a round windmill, or still more
closely the round towers which are so frequently seen in Ireland,
and which have attracted so much attention on the part of
antiquaries, Some of these roofs have so little elevation in the
centre, that they have a close resemblance to certain species of
mushroom.

After one of these turrets is finished, it is not altered or
enlarged ; but when no longer capable of containing the commu-

nity, the foundation of another is laid within a few inches of it——
Sometimes, though but rarely, the second is begun before thes
first is finished, and a third before they have completed the==
second : thus they will run up five or six of these turrets a-@lc
the foot of a tree in the thick woods, and make a most singnla—w=

group of buildings, as shown in fig. 11.

1 Nest of the Termes mordaz,

2 Nest of the Termes atroz.

3 A turret with the roof begun.

4 A turret raised only about half its height.

5 A turret built upon one which has been thrown down.
6 6 A turret broken in two.

47. The turrets are so strongly built, that in case of violene=>¢
they will much sooner overset from the foundations, and tear =P
the ground and solid earth, than break in the middle; and in th®?

case the insects will frequently begin another turret and build It,
as it were, through that which has fallen; for they will connect
the cylinder below with the ground, and run up a new turret from
its upper side, so that it will scem to rest upon the horizontal
oylinder only.
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48. In fig. 12 is represented the king or queen of the Termes
mordaz, in fig. 13 the worker, and in fig. 14 the soldier,

TERMES MORDAX.

Fig. 12. Fig. 18. Fig. 14,
’.:)%-’ . % »
Worker. Boldier.

King or Queen.

The building is divided into innumerable cells of irregular
shapes; sometimes they are quadrangular or cubic, and sometimes
pentagonal ; but often the angles are so ill defined, that each half
of a cell will be shaped like the inside of that shell which is
called the sea-car.

49. Each cell has two or more entrances, but as there are no
tunnels or galleries, no variety of apartments, no well-turned
arches, wooden nurseries, &c., &c., as in the habitations already
described, they are not calculated to excite the same degree of
wonder, however admirable they may be considered without
reference to other structures.

There are two sizes of these turret nests, built by two different
species of Termites. The larger species, the ZTermes atroz, in its
perfect state, measures one inch and throe-tenths from the
extremities of the wings on the one side to the extremities on the
other. The lesser, Termes mordar, measures only eight-tenths
of an inch from tip to tip.

50. The next kind of nests, built by another species of this
genus, the Termes arborum, have very little resemblance to the
former in shape or substance. These are generally spherical or
oval, built in trees : sometimes they are established between, and
sometimes surrounding, the branches, at the height of seventy or
" eighty feet; and are occasionally as large as a great sugar-cask.

51. They are composed of small particles of wood and the various
gums and juices of trees, combined with, perhaps, those secreted
by the animals themselves, worked by those little industrious
creatures into a paste, and so moulded into innumerable little cells
of different and irregular forms. These nests, with the immense
quantity of inhabitants, young and old, with which they are at |
all times crowded, are used as food for young fowls, and especially
for the rearing of Turkeys. These nests are very compact, and
so strongly fixed to the boughs, that there is no detaching them
but by cutting them in pieces, or sawing off the branch. They
will even sustain the force of a tormado as long as the tree to !
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arborum employs for the purpose the ligneous substances of which
their nests are composed.

55. With these materials they completely line most of the roads
leading from their nests into the various parts of the country,
and travel out and home with the utmost security in all kinds of
weather. If they meet a rock or any other obstruction, they will
make their way upon the surface, and for that purpose erect a
covered way or arch, still of the same materials, continuing it
with many windings and ramifications through large grooves,
having, where it is possible, subterranean pipes running parallel
with them, into which they sink, and save themselves, if their
galleries above ground are destroyed by any violence, or the tread
of men or animals alarms them. When any one chances by accident
to enter any solitary grove, where the ground is pretty well
covered with their arched galleries, they give the alarm by loud
hissings, which he hears distinctly at every step he makes ; soon
after which he may examine their galleries in vain for the insects,
which escape through little holes, just large enough for them,
into their subterraneous roads. These galleries are large enough
for them to pass and repass, so as to prevent any stoppages, and
shelter them equally from light and air, as well as from their
enemies, of which the ants, being the most numerous, are the
most formidable.

56. The Termites arborum, those which build in trees, fre-
quently establish their nests within the roofs and other parts of
houses, to which they do considerable damage if not extirpated.

57. The larger species are, however, not only much more
destructive, but more difficult to be guarded against, since they
make their approaches chiefly under ground, descending below
the foundations of houses and stores at several feet from the
surface, and rising again either in the floors, or entering at the
bottoms of the posts, of which the sides of the buildings are
composed, bore quite through them, following the course of the
fibres to the top, or making lateral perforations and cavities here
and there as they proceed.

‘While some are employed in gutting the posts, others ascend
from them, entering a rafter or some other part of the roof. If
they once find the thatch, which seems to be a favourite food,
they soon bring up wet clay, and build their pipes or galleries
through the roof in various directions, as long as it will support
them, sometimes eating the palm-tree leaves and branches of
which it is composed, and perhaps (for variety seems very pleasing
to them) the rattan or other running plant which is used as a cord
to tie the various parts of the roof together, and to the posts
which support it; thus, with the assistance of the rats, who,
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long in the uninterrupted possession of such a warehouse, they
would not have left twenty pounds weight of wood remaining of
the whole building, and all that it contained.

59. These insects are not less expeditious in destroying the
shelves, wainscotting, and other fixtures of a house, than the
house itself. They are for ever piercing and boring in all direo-
tions, and sometimes go out of the broadside of one post into that
of another joining to it ; but they prefer, and always destroy the
softer substances the first, and are particularly fond of pine and
fir-boards, which they excavate and carry away with wonderful
despatch and astonishing cunning ; for, unless a shelf has some-
thing standing upon it, as a book, or anything else which may
tempt them, they will not perforate the surface, but artfully
preserve it quite whole, and eat away all the inside, except a
few fibres which barely keep the two sides connected together, so
that a piece of an inch board which appears solid to the eye will
not weigh much more than two sheets of pasteboard of equal
dimensions, after these animals have been a little while in posses-
sion of it.

60. In short the Termites are so insidious in their attacks, that
we cannot be too much on our guard against them: they will
sometimes begin and raise their works, especially in new houses,
through the floor. If you destroy the work so begun, and make
a firc upon the spot, the next night they will attempt to rise
through another part; and, if they happen to emerge under &
chest or trunk early in the night, will pierce the bottom, and
destroy or spoil everything in it before morning. On these
accounts care is taken by the inhabitants of the country to set all
their chests and boxes upon stones or bricks, so as to leave the
bottoms of such furniture some inches above the ground; which
not only prevents these insects finding them out so readily, but
preserves the bottoms from a corrosive damp which would strike
from the earth through, and rot everything therein; a vast deal
of vermin would also harbour under, such as cockroaches, centi~
pedes, millepedes, scorpions, ants, and various other noisome
insects.

61. Kempfer, speaking of the white ants of Japan, gives 8
remarkable instance of the rapidity with which these miners
proceed. Upon rising one morning, he observed that one of their
galleries, of the thickness of his little finger, had been formed
across his table; and upon a further examination he found that
they had bored a passage of that thickness up ome foot of the
table, formed a gallery across it, and then pierced down another
foot into the floor; all this was done in the few hours that inter-
vened between his retiring to rest and his rising. They make
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tthe whole stake, though apparently as thick as your arm, and five
-or six feet long, loses its form, and, disappearing like a shadow,
falls in small fragments at your feet. They generally enter the
‘body of a large tree which has fallen through age, or been thrown
down by violence, on the side next the ground, and eat away at
their leisure within the bark, without giving themselves the
trouble either to cover it on the outside, or to replace the wood
which they have removed from within, being somehow sensible
that there is no necessity for it. ¢‘Such excavated trees,” uyl
Mr. Smeathman, ¢‘deccived me two or three times in
for, attempting to step two or three feet high, I might uwcll
have attempted to step upon a cloud, and have come down with
:such unexpected violence, that, besides shaking my teeth and
bones almost to dislocation, I have been precipitated head fore-
most among the neighbouring trees and bushes.” Sometimes,
though seldom, the animals are known to attack living trees; but
not before symptoms of mortification have appeared at the roots;
.since it is evident that these insects are intended in the order of
nature to hasten the dissolution of such trees and vegetables ss
have arrived at their greatest maturity and perfection, and whish
would, by a tedious decay, serve only to encumber the face of the
-earth. This purpose they answer so effectually that nothing
perishable escapes them, and it is almost 1mposslble to leave any-
thing penetrable upon the ground a long time in safety ; for the
-odds are, put it where you will abroad, they will find it out
before the following morning, and its destructmn follows very
.soon of course. In consequence of this disposition, the woods
never remain long encumbered with the fallen trunks of trees or
their branches; and thus it is that the total destruction of deserted
towns is so cﬁ'ectually completed, that in two or three years 8
‘thick wood fills the space; and, unless #ron-wood posts have beet
made use of, not the least vestige of a house is to be discovered.
64. The first object of admiration, which strikes one upod
-opening their hills, is the behaviour of their soldiers, If you
make a breach in a slight part of the building, and do it quickly,
with a strong hoe or pick-axe, in the spacé of a few seconds®
-soldier will run out, and walk about the breach, as if to #®
whether the enemy is gone, or to examine what is the cause of
the attack. He will sometimes go in again, as if to give the
alarm ; but most frequently, in a short time, is followed by two
or three others, who run as fast as they can, straggling after on9
-another, and are soon followed by a large body, who rush ont"
fast as the breach will permit them, and so they prooceed, the
number i mcreasmg, as long as any one continuese battering their §
building, It is not easy to describe the rage and fury they shoW:
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tition or continuance, so the uniformity with which this busines
is carried on, though so very wonderful, at last satiates the mind.
A renewal of the attack, however, instantly changes the scene,
and gratifies our curiosity still more. At every stroke we hears
loud hiss ; and on the first the labourers run into the many pipes
and galleries with which the building is perforated, which they
do so quickly that thcy seem to vanish, for in a fow seconds all
are gone, and the soldiers rush out as numerous and as vindictive
as before. On finding no enemy they return again leisurely into
the hill, and very soon after the labourers appear loaded as st
first, as active and as sedulous, with soldiers here and there
among them, who act just in the same manner, one or otherd
them giving the signal to hasten the business. Thus the pleasure
of seeing them come out to fight or to work alternately may be
obtained as often as curiosity excites or time permits; and if
will certainly be found, that the one order never attempts &
fight, or the other to work, let the emergoncy be ever so great.
69. We meet vast obstacles in examining the interior parts of
these tumuli. In the first place the works, for instance, the
apartments which surround the royal chamber and the nurseries,
and indeed the whole internal fabrie, are moist, and consequently
the clay is very brittle; they have also so close a connection, that
they can only be seen as it were by piecemeal ; for havings
kind of geometrical dependence or abutment against each other,
the breaking of one arch pulls down two or three. To these
obstacles must be added the obstinacy of the soldiers, who fight
to the very last, disputing every inch of ground so well as often
to drive away the negroes who are without shoes, and make
white people bleed plentifully through their stockings. Neither
can we let a building stand, so as to get a view of the interior
parts without interruption, for while the soldiers are defending 1
the outworks, the labourers keep barricading all the way against
us, stopping up the different galleries and passages, which lesd
to the various apartments, particularly the royal chamber, all
the entrances to which they fill up so artfully as not to let it b
distinguishable, while it remains moist; and externally it bss
no other appearance than that of a shapeless lump of clay. It#
however, easily found from its situation with respect to the other
parts of the building, and by the crowds of labourers and soldiert
which surround it, who show their loyalty and fidelity by dyio8
under its walls. The royal chamber, in a large nest, is capacio®®
enough to hold many hundreds of the attendants, besides th¢
royal pair, and you always find it as full of them as it can hold-
These faithful subjects never abandon their charge, even in th¢
last distress, for whenever Mr. Smeathman took out the roy“‘
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than those described before. This species' seems much scarcer

and larger than the Termes bellicosus. They are little known to

the natives. Smeathman had an opportunity of obeerving them

by mere accident; one day, having made an excursion with his

gun up the river Camerankoes, on his return through the thisk °
forest, while he was sauntering very silently in hopes of finding -
some sport, on a sudden he heard a loud hiss, which, on account

of the many serpents in these countries, is a most alarming

sound. The next step caused a repetition of the noise, which he
soon recognised, and was rather surprised, seeing no covered ways
or hills, The noise, however, led him a few paces from the path,
where, to his great astonishment and pleasure, he saw an army of
Termites coming out of a hole in the ground, which could not be
above four or five inches wide. They came out in vast numbers,
moving forward as fast seemingly as it was possible for them
to march. In less than a yard from this place they divided
into two streams or columns, composed chiefly of labourers,
twelve or fifteen abreast, and crowded as close after one another
as sheep in a drove, going straight forward, without deviating to
the right or the left. Among these, here and there, one of the
soldicrs was to be seen, trudging along with them in the same
manner, neither stopping nor turning; and as he carried his
enormous large head with apparent difficulty, he appeared like s
very large ox amongst a flock of sheep. While these were
bustling along, a great many soldiers were to be seen spresd
about on both sides of the two lines of march, some a foot or two
distant, standing still or sauntering about as if upon the look-out
lest some enemy should suddenly come upon the workers. Bub
the most extraordinary part of this march was the conduct of
some others of the soldiers, who, having mounted the plants
which grow thinly here and there in the thick shade, had placed
themselves upon the points of the leaves, which were elevated ten
or fifteen inches above the ground, and hung over the amy !
marching below. Every now and then one or other of them best

with his forceps upon the leaf, and made the same sort of ticking

noise, which he had so frequently observed to be made by the

soldier who acts the part of surveyor or superintendent, when th®
labourers are at work repairing a breach made in one of tb*©
common hills of the ZTermites bellicosi. This signal among t#**
marching white ants produced a similar effect; for whenever -
was made, the whole army returned a hiss, and obeyed the sign®
by increasing their pace with the utmost hurry. The soldier™
who had mounted aloft, and gave these signals, sat quite stil—
during the interval (except making now and then a slight turr=
of the head), and seemed as solicitous to keep their posts a<=

126




Qv

-
-
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regular sentinels. The two columns of the army joined into one
about twelve or fifteen paces from their separation, having in no
Ppart been above three yards asunder, and then descended into the
earth by two or three holes. They continued marching by him
for sbove an hour that he stood admiring them, and seemed
neither to increase nor diminish their numbers, the soldiers only
exoepted, who quitted the line of march, and placed themselves
at different distances on each side of the two columns; for they
appeared much more numerous before he quitted the spot. Not
expecting to see any change in their march, and being pinched
for time, the tide being nearly up, and his departure being fixed
at high-water, he quitted the scene with some regret, as the
observation of a day or two might have afforded him the oppor-
tumity of exploring the reason and necessity of their marching
‘with such expedition, as well as of discovering their chief settle-
ment, which is probably built in the same manner as the large
hills before described. If so, it may be larger and more curious,
as these insects were at least one-third larger than the other
Species, and consequently their buildings must be more wonderful,
if possible ; thus much is certain, there must be some fixed place
for their king and queen, and the young ones. Of these species
he did not see the perfect insect.

Infine, although the curious and interesting habits and manners
Which have been here described have been well ascertained
axnd accurately observed, naturalists are not yet agreed as to
the true physiological characters of the most numerous of the
¢ composing these communities. That the two individuals
Called the king and queen in the preceding pages, are perfect
mgects, deprived of their wings, seems to be on all hands
admnitted ; and that they are kept for the special purpose of pro-
Pagation, and honoured as the common parents, is also certain.
But the true character of the multitude of workers and soldiers is
Not 5o clear. Latreille inferred that the workers of Smeathman
Consist of the larvee and pupew, which later pass into the perfect

, assuming wings, and swarm in the manner already described ;
ang that the soldiers are an order apart, which never assume the
Perfect state, and are incapable of reproduction. To this,
Burmeister objects, that there is no instance in the whole animal
World in which the undeveloped young labour for the old; and
herefore doubts that the workers can be larvee or pupm ; to which

Wy be added, that these so-called larve still retain their form
When the winged individuals appear. Huber also doubts that

te soldiers can be properly called neuters, and Kirby fhinks they
21
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are probably male larvee. Westwood suggests that the sol
as well as the workers remain wingless without changing
form, their development stopping short before arriving at matc
and. thereby some individuals acquire that enlarged head v
distinguishes the soldiers, and that the real larves of the
paratively few specimens which ultimately become winged, a
yet unknown.

These vague and discordant conjectures of naturalis
eminent, show how much still remains to be discovered o
physiology of the White Anta.
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THE SURFACE OF THE EARTH.

—59. Africa.—60. Its climatological zones.—681, The Tell and
Sahara.—62. Valley of the Nile.—63. The central belt.—64. The
fourth zone.—65. The southern zone.—66. The coasts.

1. Origin of the name.—The division of general instruction to
which the description of the surface of the earth has been con-
signed, is called Geography, from two Greek words ¥/ (ge) the
earth, and ysd¢w (grapho) I describe.

2. Preliminary knowledge.—The globular form of the earth,
—ita rotation every twenty-four hours on its axis,—its poles and
equator, the imaginary lines upon it called meridians and parallels,
—latitudes and longitudes by which the positions of places
relatively to the equator and to each other are expressed,—the
methods of ascertaining these positions for all places,—the division
of the globe into the northern and southern hemispheres by the
equator, and into the eastern and western hemispheres by the
meridian of (ireenwich,—have been severally explained in our
Tracts on the ¢ Earth” and on *Latitudes and Longitudes.”
All these points comstitute indispemsable preliminaries to any
clear or satisfactory knowledge of geography, and we shall there-
fore assume in the present Tract that the reader has already
become familiar with them,

3. The distribution of land and water on the surface of
the globe forms the first step in geographical knowledge. The
entire terrestrial surface measures about two hundred millions of
square miles. Very ncarly three-fourths of this is covered with
water. The whole surface would be so if it were uniformly level.
But being unequal, some parts being more elevated, and others
-less 8o, the water, in obedicnce to the law of gravity, settles upon
the lower levels, leaving the more elevated parts dry. It is thus
that the Almighty has ¢ gathered the waters into one place,” and
made ““ the dry land appear,” and to the ¢ gathering of waters”
has given the name Seas.

Land is therefore nothing more than the summits and elevated
plateaux of vast mountains, the bases of which are at the bottom
of the water which thus covers three-fourths of the surface. '

4. The undulations of the terrestrial surface are extremely
diversified and irregular, and since the distribution and outlines
of the land are determined by them, the latter are equally
various and complicated. The declivities by which these elevated
parts slope downwards, determine the lines according to which the
waters of the sea wash them, and these outlines give those
peculiar forms and characters to the land, the description and
knowledge of which forms a large part of geography. A system
of terms has been invented by which these various forms are
expressed and classified.
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The Western or lesser continent consists of North and South
America.

The great or eastern continent, having been known to the
ancicnts, is often called the Old Continent or the Old World,

The western, having been unknown until its discovery by
Columbus in the fifteenth century, is often called the New
World.

8. Peninsulas are tracts, nearly, but not altogether, surrounded
by water. The name is composed of two Latin words, pene,
almost, and ¢nsula, an island.’

- 9, Isthmuses are narrow nécks, by which two comparatively :
large tracts are conneoted together. Isthmus is a Greek word,
having the same signification.

The most remarkable examples of an isthmus are presented by
the narrow tracts by which Africa is connected with Asia, and
South with North America. The former being called the Zsthmus
of Suez, and the latter the Jsthmus of Panama. Two towns,
bearing these names, are built, one upon the former isthmus, on
the coast of the Red Sea, and the other upon the latter, on the
coast of the Pacific Ocean.

Peninsulas are often thus connected by an isthmus with the
mainlands, to which they belong, but not always so. The name
peninsula is given to tracts of land which, though partially sur-
rounded by water, are nevertheless conneoted with the mainland
by tracts much too broad to be entitled to the name of isthmus.
Examples of this class of peninsular form are numerous, and
among them may be mentioned the part of Southern Europe,
which includes Spain and Portugal, called the Spanish Peninsuls
(Map 5.); the part of Italy, south of Lombardy and Piedmont,
called the Italian Peninsula: the southern part of Greece, called
the Hellenic Peninsula (Map 6); India, and numerous other
similar masses of land, projecting in a pointed form into the ses
Map 7).

( 10. Promontory is a name given to a tract of land, of grester
or less elevation above the level of the sea, which Juts out frome
comparatively large extent of land, and which therefore is
peninsular in its form. The term, however, is usually applied to
tracts of less extent than those which are denominated peninsulss.

11. Oapes and Headlands are promontories having oonnder
able elevation, so as to be visible from a great distance at sea.

12. The Relief of the Land has .received different deno:
minations according to its varying elevation above the genersl
level.

13. Plains and Lowlands are parts of the land not muc®
raised above the level of the sea, having considerable extent.
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leaden weight sinking in the water draws with it the line, which
thus unrolls itself from the reel, and this continues until the lead
strikes the bottom. When that takes place the reel ceases to
revolve and the line to sink, and the seaman who observes the
sounding, notes the number of the knot which is nearest the
surface, and thus obtains the depth, which is always expressed in
fathoms.

The lead, suspended from the extremity of the sounding-line,
is cup-shaped at its lower end, and grease, technically named the
arming, is put into the cavity, so as to be capable of taking up
by adhesion a portion of the shells, sand, or other substance, which
is at the bottom, with which it comes ipto contact. This being
drawn up, the navigator is informed not only of the depth, but
of the quality and character of the bottom, which often serves
him as a guide to his position.

In this manner surveys are made of the bottoms of all seas
which are much navigated, and charts are drawn and engraved,
upon each part of which is marked the number of fathoms of
depth in the corresponding parts of the sea, and frequently the
charaoter of the bottom.

It happens fortunately that the general depth of the ooeans and
open seas is so considerable as to be attended with no danger to
navigation. Such charts, therefore, as are here described are
only necessary for navigation in enclosed seas and tracts of water
near to coasts.

28. Lakes are sheets of water, of greater or less magnitude,
completely surrounded by land, and having no superficial com-
munication with the sea. They are, therefore, to the water. what
an island is to the land, and, like an island, the name is generally
restricted to magnitudes which are not very great. A lake of great
magnitude is generally called an inland sea.

Like other geographical terms, these, however, are arbitrary ;
some sheets of inland water called seas being less than others
called lakes.

29. Rivers are large stteams of fresh-water, formed by the rain
which falls on elevated parts of the land, descending the de-
clivities in streams, which, gradually uniting one with another,
form at length a large course of water, which receives the name of
a river.

30. The Bed of a River is a groove formed in the land, de-
scending in a direction varying with the level of the surface,
until it reaches the coast, where its water is discharged into
the sea. .

31. The Banks of a River are the land which confines its
oourse on either side, and are distinguished as the right and left
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chains, the combination of which forms the main ridge of the
great oontinent, commence with Mount Atlas and the Pyrennees
at the extreme west, and are continued by the Alps and the
Himalaya to the Altaic mountains at the extreme east.

45. Outlines of Burope; their adaptation to Commeroce.—
The most striking geographical feature by which Europe is
distinguished from the other parts of the great continent, consists
in the numerous and extensive inlets of water by which it is
penetrated and intersected in all directions. No equal extent of
land in any part of the globe presents a like phenomenon, and to
this, as much as to its temperate climate, must undoubtedly be
ascribed the immense social, commercial, and political predo-
minance which it has acquired and maintained. By this reticu-
lation of inland seas, gulfs, bays, and straits, navigation and
commerce arrive within short distances of all its internal centres,
and its vast extent of coasts is studded with cities and towns,
and sheltered ports and harbours, which become so many em-
poriums of commerce, and centres and sources of wealth and
civilisation,

46. White Sea.—At its extreme north; Europe is penetrated
by an enclosed sheet of water of great magnitude, called the White
Sca. On the west, the Baltic enters it, ramifying in different
directions, throwing out north and west the gulfs of Bothnia and
Finland, and sprinkled with islands and vast peninsulas, which
form kmgdoms of great importance, such as Denmark.

47. Norway and Sweden are formed into a great pemnsula.,
scparated from the continent by a broad neck of land, included
between the North Sea on the west, and the head of the Gulf of
Bothnia on the cast.

48. British Isles.—Nearly opposite the mouth of the Baltie,
and the north-western point of France, are placed the British
Isles, separated from the coast of Holland and Belgium by the
German Ocean, and from that of France by the English Channel
and the Strait of Dover. These islands, combined with the sub-
ordinate ones with which they are surrounded and skirted, such
as the Shetlands, the Orkneys, the Western Isles, the Isles of
Man and Anglesea, the Scilly, and the Channel Islands, may be
considered as forming an archipelago, the principal divisions of
which are richly intersected by channels, bays, and gulfs, which
have so favoured navigation, as to enable the British nation to
attain and maintain that commercial and naval pre-eminence,
for which she has so long been celebrated.

49. France, the most important and powerful of the European
states, occupies the centre of Western Europe. Her territory is se-
parated on the east from those of the German states by the Rhine,
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the Archipelago is called the Dardanelles, the ancient Hellespont ;
and that which is next the Black Sea, the Bosphorus ; the inter-
mediate water being called the Sea of Marmora.

56. The Black Sea is nearly enclosed by land, but com-
municating through the Bosphorus with the Archipelago and
the Mediterranean, it cannot properly be considered as a lake.
Its water is, nevertheless, much less salt than that of the ocean,
and it is consequently more readily frozen. Its depth near the
shore varies from 24 to 220 feet, and in the middle is more than
1000 feet. .

67. Sea of Axof.—This sea communicates with a smaller one
north of it, called the Sea of Azof, by a narrow neck of water,
called the Strait of Yenekali. A tract of land nearly surrounded
by the waters of the Black Sea and the Sea of Azof, and connected
with the continent by a narrow neck of land, is called the Crimea;
the connecting neck being called the Isthmus of Perikop. This
peninsula has been celebrated for the fortress of S8ebastopol erected
by Russia near its southern extremity, and destroyed in 1855 by
the allied armics of France and England.

58. The Oaspian.—Near the southern oonfines of Europe and
Asia is the largest lake in the world, called the Caspian Sea. Its
water is salt, but much less so than the ocean, and it is shallow,
even at its centre, the depth not exceeding 300 feet. That it can
have no immediate and uninterrupted subterranean communication
with the Black Sea, which is near it, is proved by the fact that
the level of its surface is 82 feet below that of the latter sea.

59. Africa is an immense triangular-shaped tract of land, the
base of which is presented towards the north, and the point to the
south. Its coast is everywhere nearly uniform, and entirely
destitute of those indentations for which Europe is so remarkable,
It projects southwards into the great ocean, which it divides into
two regions, of which the western is called the Atlantie, and the
eastern the Indian Ocean. As has been already stated, Africa is
separated from Asia by the Red Sea, except at the point where
they are connected by the narrow isthmus of Suez.

This division of the great continent is, beyond all comparison,
the most uncivilised and desert portion of the globe. It includes
a vast range of country, extending from the northern to the
southern tropic, and lying, therefore, altogether in the torrid zone.
By reason of the great extent of desert of which it consists, the
insalubrity of its climate, and the barbarous character of its
inhabitants, it is little known to Europeans.

60. Its Olimatologiocal Zones.—It may be considered as con-
sisting of a succession of zones, separated by parallels of latitude,
having different physical characters.
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same reason, there is a remarkable absence of those mumercus
islands which enrich all coasts deeply indented, which considered
in their physical character are in faot parts of the mainland,
separated from it by valleys so deep as to allow the sea to
flow through them. Madagascar, on the east coast, is the only
African island. There are a few islands of much less magnitude,
called the Comano Islands, between Madagascar and the coast.
Most of the other islands which appear in the Indian Oocean are
too distant to be regarded as mere appendages of Africa.
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and Rocky Mountains.—92. Cordilleras and Andes.—98. Andes of
Patagonia and Chili.—94. Andes of Bolivia and Peru.—95. Cordil-
leras.—96. Potosi.—97. Pampas of Patagonia and Buenos Ayres.—
98, Eelvas of the Amazon.—99. Llanos of Orinoco.—100. Alleghanies.
—101. Eastern plain of North America.—102. Great valley of the
Mississippi.—103. The Prairies.—OuTLINES OF THE LAND,—104. The
prevalence of the peninsular form.—105. The South American penin-
sula.—106. The North American peninsula.—107. The West Indian
archipelago.—108, The peninsula of Florida.—109. Lower California.
—110. Greenland.—111. Africa.—112. Australia,—113. New Zea-
land.—114. Similar tendency in smaller regions.—115. The Spanish
peninsula.—116, The Italian peninsula.—117. The Hellenic penin-
sula.—118. The Crimea.—119. The Scandinavian peninsula.—120,
European peninsula. —121, The Indian peninsula.—122. Further
India.—123. Hemisphere of most land.—R1vERs.—124, Formation
of rivers.—125. Effect of a single ridge.—126. Example in the eastern
continent.—127. Example in South America.—128. Effect of parallel

ridges.—129. Chief tributaries considerable rivers,—180. Example

of Missouri.—131. Trifling elevation of watershed.—132. Portage.—

138. Examples of rivers in North America.—134, Eastern rivers.—

135. Western rivers.—136. The Mississippi and its tributaries.—

137. Valley of the Mississippi.—138. Red River, Arkansas, Ohio,—

139. 8t. Louis,—140. Illinois.

67. Asia, constituting in geographical extent fully half the
great continent, and occupied by a population numbering half the
total amount of the human race, is in many respects an interesting
quarter of the globe. It isin immediate geographical continuity
with Europe, separated from Egypt only by the narrow strip of
water called the Red Sea, and connceted with it by the isthmus
of Suez, and separated on the east from the American continent
by the narrow neck of water called Behring Straits. Its eastern
coast is fringed with innumerable islands, and indented by large
bays and gulfs; and its southern points arc in & certain sense
connected with the new continent of Australia by the archi-
pelago which intervenes between the Indian and Pacific Ocean®:
of which the most considerable islands are Sumatra, Borne®:
Pappua, and Java. The equator traverses the middle of th3®
archipelago, the whole extent of which is included between 2O
of north and 10° of south latitude.

68. Its plateaux.—The mainland of Asia consists of two e=="
tensive plateaux, each of which is limited and intersected be
mountain-chains, from which the surface falls by a succession
slopes and terraces to the level of the lowlands.

69. The eastern plateau, which is the most elevated, incluaA"
ing Thibet and the desert of Gobi or Shamo, has an elevati<®®
varying from 4000 to 15000 feet above the level of the sea.

This great tableland has for its southern limit the Himals Y4
¢hain, for its northern the Altai, and the chain called Thian. 2
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called by modern geographers Australasia, being the most con-
siderable tracts of land in the southern latitudes, The various
islands sprinkled in countless numbers over the Pacific Ocean,
comprising Australasia itself, have received the general name of
Oceania.

75. Polynesia.—Those which lie between the Indian Archi-
pelago and the western coast of America, taken collectively, have
been called Polynesia.

76. British Golony; its territory and physioal features.—
From the circumstance of the recent gold discoveries, and the eon-
sequent emigration from the United Kingdom to Australia, this
colony has acquired a greater interest than any which its mere
geographical pretensions could eclaim for it. It may therefore
be desirable here to notice its physical character and conditions.

Notwithstanding the immense immigration which has taken
place, and the excitement attending the mineral researches, of
which it has become the theatre, the surface of this great island
has been but very imperfectly explored. One of the most remark-
able and geographical characters it presents is the complete
absence of large navigable rivers, and the uniform outline of its
coast, which has no indentations forming bays, gulfs, or other
inlets. It is surrounded by a chain of mountains, the sum-
mit-ridge of which is from 30 to 40 miles from the shore. The
chain running along the eastern coast, which is best known,
is called the Australian Alps at the extreme south, the Blue
Mountains near Sidney, and the Liverpool chain towards the
north. From the slopes of these mountains a few small rivers
descend, which are so incomsiderable as to be mearly dry in
summer. The interior consists of a series of low plains, which
include good pasturages, and large tracts covered with sand and
shells, which have an appearance such as would be presented by
a surface from which the sea had recently retired. Some consider-
able streams have been seen in the interior, but whether they flow
into an inland sea like those which run into the great Asiatic
lake, or are absorbed by the sands, has not been ascertained.

One of the most curious physical characters connected with this
island is the existence on its north-eastern coast, at a distanoe of
from 20 to 70 miles, of the longest coral reef in the world, measuring
about 1200 miles in length, and rising out of the'bosom of a sed
said to be fathomless. The breadth of this reef varies from a fo
hundred yards to several miles.

71. Its climate.—When it is remembered that the extrem™>®
latitudes of Australia are 15° and 40°, it may be expected that o
elimate must be mild and salubrious. With a drier atmosphe’
it has all the thermometric characters of Southern Italy. TE—
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but differs from it in being interseoted by large and extensive
rivers.

84. Oentral America is the tract of land uniting South America
with the northern peninsula. Its southern part being not more
than 30 miles wide, is denominated the isthmus of Darien or
Panama, a town of the latter name being on its western coast.

~

IV.~—UNITED STATES—CANADA.

85. Worth America, like Europe, is indented with numerous
bays, and its northern division has the largest collections of fresh
water in the world, consisting of five extensive lakes,—called
Superior, Michigan, Huron, Erie, and Ontario, which communi-
cate with each other, and discharge their water through the
River St, Lawrence into the gulf of that name.

86. Its extent and limits.—North America is separated from
Asia by Behring Strait on the west, and from the large island of
Greenland by Baffin’s Bay and Davis's Strait on the north and
cast.

A sort of northern archipelago intervenes between this conti—
nent and Greenland, into which numerous promontories project,
and the waters of which are variously denominated, the largest-
of these inlets being Hudson’s Bay.

87. Its political divisions.—In political geography North
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which are frequently voleanie, it is continued in a direction
parallel to the western coast of the continent, until it terminates
in the Tierra del Fuego, the southern point of which is called
Cape Horn.

93. Andes of Patagonia and Ohili—Between this pomtaml
Chili, returning northwards, the slopes of the Andes descend to the
waters of the Pacific, the coast being lined with numerous islands
and indented with arms of the sea, an outline which indicates
the continuation of the mountain range below the waters of the
ocean; the capes, promontories, and islands being merely the
ridges and summits of the spurs and peaks of the main range,
whose bases are established at the bottom of the ocean. Pro-
ceeding northward, the general direction of the chain takes a
more inland course, leaving between its base and the sea a long
and flat tract of land, whose coast is no longer brokem by the
indentations just descnbed is completely destitute of islands, and
forms no shelter for navigators.

94. Andes of Bolivia and Peru.—Still proceeding northward
and approaching the Peruvian territory, the general elevation of
the Andes rapidly increases, and their summits rise to vast
elevations above the snow-line; among these is the Nevado
Aconcagua, having an elevation of 24000 feet, and being the most
lofty point of the western continent. This peak was originally
volcanie, but within historic record it has not been active.

About latitude 24° south, the chain takes the name of the
Peruvian Andes, and here it is at a considerable distance from
the western coast, from which it is separated by a sandy
desert.

95. Oordilleras.—North of 21° lat. south, the chain of the Andes
diverges into two or three separate ndges, -called Cordilleras,
which are connected at different points by their common spurs
issuing transversely to their directions, so as to form a net~work
enclosing numerous valleys, the bottoms of which are elevated to
a considerable height above the level of the sea, forming in many
cases plateaux and tablelands of great extent, the most remark-
able of which is that of Desaguadero, which measures 400 miles
in length, with a breadth varying from 30 to 60, and a general
elevation of nearly 13000 feet above the level of the sea. Vast
peaks are thrown up from the borders of this immense plateau to
the height of more than 8000 feet above the surface, rising far
above the snow-line.

96. Potosi.—Upon this extensive tableland, whose area is
three times that of Switzerland, stands Potosi, the highest eity in
the world, at an elevation of 13330 feet above the level of the
sea, with a population of 30000. This city is built on the

152






THE SURFACE OF THE EARTH. *

impression that they must have been once the bottoms of large
sheets of wafer, since nothing but sedimentary deposition could
produce a level so uniform. The extent of many of these plains
is so great, that in traversing them points may be attained
from which all the surrounding oountry will cease to be visible,
8o that the prairie presents to the observer a ciroular horizon, like
that witnessed at sea from the deck of a ship.

As there are, in general, no roads or paths traversing these vast
plains, the traveller who ventures across them can only guide his
steps by a compass, or by the stars.

OUTLINES OF THE LAND.

104. The prevalence of the peninsular form with the point-
ing southwards is one of the most remarkable features in the
configuration of the land. The angular point is also generally
succeeded or surrounded by one, or several islands; and where
such islands are not apparent, the tendency towards their forma-
tion is discoverable by the soundings, which prove the existence
of shoals in the places where such islands would otherwise be
apparent. A general view of the map of the world will strikingly
illustrate these observations.

105. The South American Peninsula is an example of such
a form upon a grand scale. Lilse all the other forms of this class,
it is a triangle, having its base presented towards the north, and
its vertex jutting into the Southern Ocean, where it terminates in
the point called Cape Horn.

Its apex is broken by the ocean into a multitude of islands,
the largest of which, separated from the main-land by the Straits
of Magellan, is called the Tierra del Fuego, or land of fire, from
several voleanic peaks which rise from it to the altitude of 4000
feet. The southernmost island of the Fuegian archipelago termi-
nates in the headland, or promontory, so well known as Cape
Horn.

106. The North American Peninsula has a like form, its
southern point being Mexico; but instead of terminating in the
ocean, it is united with the South American peninsula by a traet
of land called Central America, which, taken as a whole, msy
be regarded as an isthmus, although geographers have, in this
case, limited that name to its southernmost and narrowest parts
called the Isthmus of Panama.

107. The West Indian Archipelago stands in the same rela—
tion to the North American peninsula as the Fuegian archipelags®
to the southern peninsula. This group of islands, celebrated &%
being the theatre of the great discovery of Columbus, is include®
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ample of the same prevailing form, its southern apex being
marked by the celebrated rock of Gibraltar, separated from the
northern coast of Africa by the narrow neck of water called the
Strait of Gibraltar.

116. The Italian Peninsula juts southwards into the Medi-
terranean, with the islands of Sicily and Malta, and the small
archipelago formed by the Lipari Islands, at its southernmost
point.

117. The Hellenic Peninsula is a like example, terminated
by the Morea, and surrounded near its sonthernmost point by the
Ionian Islands. ’

118. The Orimea, in the Black Sea, is a peninsula of like form
and position, terminating with a southern vertex near Sebastopol.

119.. The Scandinavian Peninsula consists of Norway and
Sweden, and enclosed between the Northern Atlantic on the west,
and the Baltic and the Gulf of Bothnia on the east, presents, like
the othérs, an apex to the south, and Zealand, and other smaller
islands, lie off its southern point.

120. Buropean Peninsula.—Humboldt observes that Europe
itself may be regarded as a great peninsula projecting from Asis,
and enclosed between the Mediterranean and Black Sea on one
side, and the Baltic and Arctic Ocean on the other. -

121, The Indian Peninsula juts into the ocean southwards,
having, like the others, a triangular form, and the island Ceylon
off its southern apex.

122. Further India.—The tract of land called Further Indis,
lying to the south of China, and including Cochin China, Siam,
and Burmah, is another example of like form, terminating in the
Malayan promontory with Singapore at its apex, and the Indian
archipelago around its point.

123, Hemisphere of most Land.—There is a certain hemi-
sphere of the globe within which nearly the whole of the land is
included, the middle point of which is at the south coast of England.
If an observer were elevated directly above this point, so asto
obtain a bird’s-eye view of the earth, he would see the whole of
Europe, Asia and Africa, North America, and the chief partof South
America, all comprised within the visible hemisphere: the onl¥
parts of the land which would be included within the hemispher®
beyond his view would be the southern point of South Americe® :
Australia, and the islands of the Indian Archipelago.

In Map 8, we have given these two hemispheres, having repro—
duced them from the Physical School Atlas of Alexander Keith®
Johnston, a work which we strongly recommend to students to aid
them in comprehending this tract.
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sive tablelands and plains having little declivity, are compars-
tively long and sluggish.

127. Bxample in South America.—South America pre-
sents a similar example. The chain of the Andes traversing the
country north and south, and much nearer to the western than
the eastern coast, gives a similar character to the rivers, thos
which flow to the west being short and rapid, and those whish
flow to the east being longer and slower. '

In the northern part of South America, the principal momn-
tain chain, diverging into several distinct ridges of the Cordillerss, |
produces a complicated system of ravines and valleys, which divert
the course of the waters in various directions, -so that manyof -
the rivers flow northwards and north-westwards into the Carib-
bean Sea.

128. Bffect of Parallel ridges.—When a tract of coun-
try is traversed by two ridges in nearly parallel directions, their
declivities, which look towards each other, form a valley of greater
or less width. The rain precipitated upon these slopes, collecting
in streams, descends from either side to the lowest point of the
valley where they coalesce, and settling into a bed or channel,
flow along the lowest level of the valley, forming a river whose
course is parallel to the general direction of the bounding ridges,
and which continues its course until it discharges its waters into
the sea.

In ascending a river, it is found, as may be expected, that the
quantity of water which flows in it becomes less and less as the
distance from its mouth increases. Since the total collection of
water must be proportionate to the number and magnitude of the
tributaries above the point of observation, the higher that point
is, the less will the number of such tributaries be, and consequently
the less the quantity of water in the main stream.

129. Ohief tributaries considerable rivers.—In the cas
of all the great rivers, the principal tributaries themselves are
rivers of considerable magnitude and importance, and some
which have been classed as tributaries might with greater pro-
priety have been considered as the main stream.

130. Example of Missouri.—Thus for example the Mlsslsslpﬂ‘
receives as tributaries, streams so important as the Red River, tpB
Arkansas, the Ohio, the Missouri, and the Illinois. Now
Missouri is itself a river of much greater length, width, am
depth than that which above their confluence has been denom’
nated the Upper Mississippi, and if, of two confluent streams, th=—
greater be entitled to be regarded as the continuation of th~ -
main stream, the river which is now called the Missouri ought tc*
be denominated the Upper Mississippi.
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to the entire valley, extending from the Gulf of Mexico, into
which its waters fall, to the great northern lakes.

138. Red River—Arkansas—Ohio.—New -Orleans, which is
the port of the Mississippi, is built at the confluence of the arms of
its Delta, about one hundred miles above its mouth. Ascending the
river from this point, we encounter successively its vast tributaries,
the first of which is called the Red River, which flows into it from
the slope of the Rocky Mountains upon its right bank. Prooeeding
upwards, the nextis the Arkansas, on the same side, which itself
receives at various points of its course subordinate affluents, among
which the principal are the Canadian, the Red Fork, the Salt
Fork, &e. A little higher, we come to the Ohio, flowing from
the east, after having traversed a vast extent of the great valley,
and receiving several large tributaries, such as the Cumberland,
the Tennessee, the Wabash, &e. The Ohio carries the chief part of
the commerce of the states of Tennessee, Kentucky, Virginia,
Ohio, Indiana, Illinois, and the western part of Pennsylvania. It
washes Pittsburgh, Cincinnati, and Louisville, while its triba-
taries reach the principal towns of the interior of the adjacent
states. It is navigated by steam-boats of the largest class as
high as Pittsburgh. :

139. 8t. Louis.—Returning to the confluence of the Ohio and
the Mississippi, and continuing to ascend the latter river, we
arrive at St. Louis, a city of the first importance, and likely one
day to become the great capital of the valley of the Mississippi
and the western division of the States, with New Orleans for its
port. Already we see ranged along its quays hundreds of steam-
boats of immense tonnage, which ply incessantly between it and
New Orleans, carrying down the stream the produce of the
interior, and up, innumerable articles of importation.

140. Ilinois.—Immediately above St. Louis we arrive at a
point marked by the confluence of three streams, one flowing from
the north-east, one from the north, and the other from the
north-west, the last being the most considerable. The first is the
Hlinois river; the second, though less considerable than the third,
is taken by geographers as the continuance of the main stream of
the Mississippi; and the third and greatest is the Missouri, regarded
as a tributary of Mississippi.

The Illinois river ascends the state of that name in a mnorth-
easterly direction, and is navigable for a considerable distance to
a point where it is connected by a canal with Lake Michigan
at Chicago. By this means a continuous water-communication is
established between New Orleans and the northern lakes, and by

those lakes with the St. Lawrence.
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141, Source of Mississippl—Ascending the main stream from.
its point of confluence with the Missouri, after passing several
tributaries of less importance, we arrive at the falls of St. Anthony,
which constitute the limit of its navigable course. Above these-
we find its source in a sheet of water, called Lake Istaca, situate:
near the northern limit of the territory of the United States,.
and at a short distance west of Lake Superior.

142, Missouri and its tributaries.—Returning to the con-
fluence of the Mississippi with the Missouri, and ascending the
latter stream, we find innumerable tributaries, variously denomi--
nated Smoky-hill-fork, Republican-fork, Platt-river, White--
river, Yellow-stone-river, &c., until the stream, reduced to a
number of diverging threads, loses itself in the flanks of the
Rocky Mountains.

Such is a brief and rapid view of this prodigious vein of inland
navigation. As shown in our general plan of the rivers, thd total
length of the Mississippi and its chief tributary is estimated at
4500 miles,

143, The Amazons.—Among the rivers of Southern America,
which flow from the western declivities of the chain of the Andes,
by far the most important is the Amazons, which, considered
merely in its geographical character, ranks as the greatest of
rivers. The total length from the mouth to the source of any one
of its thousand tributaries, is less than the length of the
Mississippi similarly measured, but numerous and large as the
tributaries of the latter are, those of the Amazons are still
greater in number, width, and depth.

This immense stream, and its countless affluents, drain a
vast plain lying between the tableland of Brazil, on the south,
and the chain of mountains rising from a similar tableland of
less extent, on the north, called the tableland of Paramo. It
receives tributaries accordingly from an extensive series of
declivities completely surrounding it, from those of Brazil on the
south, from the Andes of Peru on the south-west, from the Andes
of Quito on the north-west, and from those of the mountain--
chains of Paramo on the north,

The plain and surrounding declivities drained by this immense-
river system, is little less in extent than 3,000000 of square
miles, being ten times the magnitude of the French empire. Its-
largest branch, considered as the commencement of the main
stream, is called the Maranon, a name which is sometimes applied
to the entire river. The main river and its tributaries are
navigable at distances of nearly 2500 miles from its mouth, and
its width, near its mouth, being nearly 100 miles, it resembles an
arm of the sea more than a river.
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sun, from March to June; the days during that interval are
gradually longer and warmer. It is constantly less inclined
from June to September; the days during that interval are
gradually shorter and less warm. .

Hence it is, that in the northern hemisphere the longest days
and highest temperature take place after June, the temperatare
after March being more moderate. The interval between March
and June constitutes, therefore, the spring, and the interval
between June and September, when the acoumnulated effects
of heat are greater, the summer.

151, This varying position of the earth towards the sun will be
rendered more easily intelligible by illustrative diagrams.

Let N8 in these four figures represent the axis of the earth,
N being the north, and s the south pole. Let E @ at right angles
to N 8 be the equator, and let 8’ be the direction of the sun.

152, In fig. 8 is shown the position of the earth on the 21st of
March, the day of the spring equinox. The equator E is then
presented exactly in the direction of the sun, the light and heat
of which are equally distributed between the two hemispheres.

Fig. 9.

21st June.

Fig. 11.

21st Beptember. 218t December.

The boundary of the enlightened hemisphere passes through tIne
poles N and s, and divides into two equal parts all the parallels
of latitude, As the earth revolves, therefore, upon its axis,
place upon its surface is during equal intervals exposed to amd
withdrawn from the sun’s light, In other words, the days and
nigl;uf'are equal in all parts of the earth,
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directly will the solar rays fall upon the place; and the longer
the day is, the longer will be the interval during which the
thermal influence of the sun is exerted, and the-shorter will be
the interval during which its presence will be withdrawn.

159. For all these reasons, therefore, on the 21st of June, when
the northern hemisphere is most inclined towards the sun, and
the southern most inclined from it, the thermal influence of the sun
will be greater in the northern, and less in the southern hemi-
sphere, than at any time from the 21st of March to the 21st of June.

During this interval the northern hemisphere is gradually
more and more inclined towards the sun, and therefore the length
of the day is continually increasing, as well as the altitude to
which the sun rises at noon. These two circumstances combine
in gradually increasing the thermal influence of the sun from the
21st of March to the 21st of June. :

The same circumstances will show that during the same interval,
the thermal influence of the sun in the southern hemisphere is
gradually diminished ; the days being there constantly shorter,
and the altitude to which the sun rises at noon constantly less.

After the 21st of June the northern hemisphere is gradually less
and less inclined towards the sun, and the southern less and less
inclined from it, until at length on the 21st of September, the day
of the autumnal equinox, the earth resumes the position, fig, 10,
with relation to the sun which it had on the 21st of March, the

equator E being then, as before, directed exactly towards the sun.

160. The two hemispheres therefore, as in March, being equally
exposed to the sun, receive from it the same thermal influence,
and the parallels of latitude being all bisected by the cirels
which bounds the enlightened hemisphere, the days and nights
are equal at all parts of the earth,

Since the altitude to which the sun rises, and the length of the
days at equal intervals before and after the 21st of June, are
the same, and therefore the thermal influence of the sun also the
same, it might be inferred that the temperature of the weather
would likewise be the same; and if this inference were jnst,it
would follow that the season from the 21st of March to the 21st of
June, would be similar in all its thermal characters to the season
from the 21st of June to the 21st of September, except that the
succession of temperatures would be developed in a contrary
order. Thus it would be expected that the temperature of the
weather ten or twenty days after the 21st of June would be
identical with its temperature ten or twenty days before the 2186
of June.

161. But it is notorious that the thermal phenomena are not 8¢
allin accordance with this; the season from the 21st of March tothe
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prevalence of canine madness during that period, or because at an
<arly epoch in astronomical history the Dog-star rose before the
sun in the morning at that season, and thus harbingered the God
of Day. It may even have happened that the Dog-star took its
name originally, from the prevalence of canine madness at that
season.

164. The circumstances which explain the phenomena of summer
in the northern hemisphere, will also explain those of winter during
the same interval in the southern hemisphere, since the southern
hemisphere at all times is inclined from the sun, exactly as much
a8 the northern hemisphere is inclined towards it, as will be
apparent by reference to fig. 9.

165. After the 21st of September (fig. 10), the day of the
autumnal equinox, the equator is gradually inclined towards the

_north, and the northern hemisphere gradually inclined from the
sun, and this inclination constantly increases until the 21st
of December, when it is greatest, as shown in fig. 11.

The solar rays, as will be apparent from the figure, then fall
with greatest obliquity on the northern hemisphere, and with
least obliquity on the southern. The parallels of latitude are un-
equally divided, in both hemispheres, by the circle which bounds
the enlightened part of the earth. In the northern hemisphere
the greater portions of these parallels are dark, and the lesser
portions enlightened, while the contrary takes place in the southern
hemisphere. The days are, therefore, shorter than the nights ia
the northern, and longer in the southern hemisphere ; and the
sun rises only to low altitudes in the former, but to considerable
altitudes in the latter. In fine, all the circumstances show that,
in this position of the earth, the summer commences in the
southern, and the winter in the northern hemisphere.

166, After the 21st of December, the inclination of the northern
hemisphere from the sun gradually and constantly diminisbes
until the 21st of March, when the equator is once more presen
directly to the sun, which affects both hemispheres alike.

BSince the 21st of December is the shortest day, and that up
which the sun rises to the least altitude, it is consequently thaton
which its thermal influence is least, and it might therefore b
expected to be the coldest day, and conmsequently to be mid-
winter. It is notorious, on the contrary, that the coldest weather
is at a later period. This is explained upon the same principlés
exactly, as those which show why the 21st of June is not the
hottest day.

167. The decrement of heat which takes place in the atmospher®
owing to the length of the night, the shortness of the day,
the low altitude of the sun on the 21st of December, is
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. In the like manner, there is just so much of the northern polar
region enlightened, and of the southern polar region darkened, in
July, as there is of the northern polar region darkened, and the
southern enlightened, in January. The diurnal and nocturnal
vicissitudes, therefore, of the northern frigid zone in July, are
identical with those of the southern frigid zone in January, and
vice versd.

If the reader will take the trouble of following the position of
the earth from month to month, as shown in fig, 12, he will be
able to satisfy himself, that at all intervals of six months the
vicissitudes of light and darkness are in the same way reci-
procated between the two frigid zones.

It might be inferred, that the continual presence of the sun
above the horizon, would necessarily produce a great calorifie
effect; and at least during that portion of the year, during
which they are respectively inclined towards the sun, the polat
circles would enjoy intense heat. That such, however, is nol
the case is easily explained. The heat imparted by the sun
to any part of the earth exposed to its influence, depends, as
already stated, on two conditions: first, the altitude to whick
it rises, and secondly, its continuance above the horizon, or the
length of the day. But the former condition has a vastly
greater influence upon the thermal effects than the latter.
Although, therefore, the continuance of the sun above th
horizon, at the polar circles, is favourable to the developmen
of heat, yet the very low altitude to which it rises counter
acts this effect; so that within the polar circles, even witl
the influence produced by the continuous presence of the sun
the general temperature is invariably below that at whiel
water freezes.

It is from this continuance of a temperature so low that ths
frigid zone has taken its name.

173, Torrid Zone.—The part of the earth included betweezr
the tropical circles, which comprises all places having a latitude
less than 233°, is called the Zorrid Zone.

Although the exposure of these regions to the heat of the sm
varies within certain limits between December and June, being mos
completely presented to that luminary in March and Septemben
they, nevertheless, receive the solar influence in a much mor
powerful degree, than the parts of the globe having higher lati
tudes in the one hemisphere and the other.

It is demonstrated in physics, that the heating power of th
sun’s rays falling upon any object increases in proportion as they
approach to the perpendicular direction upon it. At the time
the equinoxes, therefore, the noon-day sun upon the Line, proj
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continuous night ever witnessed. The warmth of summe-i
produced by long days, combined with moderate merifim
altitudes, and the rigour of winter is mitigated by the presenss o
the sun above the horizon for a considerable interval, even ca the
shortest days.

It must not be understpod, that within the limits ofwlutl
thus called the temperate zone, the climates are uniformly the
same, On the contrary, in approaching those limits, at which i
is united with the torrid and the frigid zones, the charastee of
the climates approach gradually to those peculiar to the one extrema
zone and the other, so that the climates of the higher latitudes o
the temperate zone differs but little from those of the lows
latitudes of the frigid zone, while those of the lower latitudes of
the temperate zone, approximate gradually and insensibly %
those of the higher latitudes of the torrid zone. In fact, within
the limits of the temperate zone are included a much greste
variety of climates than any which characterise either of the
extreme zones.






THE SURFACE OF THE EARTH.

176. Olimate dependent on elevation. Snow Line.—It has
been explained in our Tract on Terrestrial Heat, that as we
ascend into the atmosphere from the level of the sea, the mean
temperature gradually decreases, and beyond a certain elevation
it falls even below the freezing point of water; above this limit,
therefore water cannot exist in the liquid state, and must assume
the state of snow or ice. Such an elevation is accordingly
designated the limit of perpetual snow, and it is marked on all
lofty mountains by the limits of their snow-oovered sides. This
boundary is accordingly called the Snow Line.

It may be stated as a general fact, subject nevertheless to
some local qualification, that the elevation of the smow-line is
greatest at those parts of the earth, where the climate at the level
of the sea is hottest, and that its elevation decreases with the
decrease of the mean temperature of the same level. The snow-
line, therefore, has the greatest elevation within the tropics, and
decreases gradually with the increase of latitude, until at the
polar circles it falls to the surface.

Since olimate therefore varies, not only with the latitude but
with the elevation of the place above the level of the ses, it
follows that in mountainous regions a variety of climates will
prevail, depending on the elevation of the summits, If that
elevation exceed the limits of the snow-line, all varieties of
olimate between that which characterises the sea level, or
which is natural to the plateaux on which the mountains stand,
and the climate of the poles are found, and consequently &
corresponding variety of natural productions, vegetable snd
animal, and corresponding susceptibilities of culture prevail.
This is a circumstance which gives much interest to mountainous
countries, and often confers upon them great commercial snd
social advantages.

It is evident, also, that the higher the mean temperature of
the plateaux is upon which snow-capped mountain ranges stand,
the greater will be the varieties of climates exhibited between
their summits and their bases, and the greater consequently will
be also the variety of natural productions and artificial culture.
Hence arises the magnificent display of vegetation exhibited in
those ranges of the Andes and Cordilleras, and other lofty ridges
which intersect the torrid zone.

177. Vegetation of the Himalayas,—Although the chain of
the Himalayas far exceeds in elevation the Andes and Cordillerss
of South America, they are thus, from their geographical position,
being situate far beyond the limits of the torrid zome, excluded
from the advantages here moticed, and they present mome of
that inexhaustible variety of phemomena by which the ridges
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Not only is the torrid zone by the abundance and luxuriance
of its organio forms most rich in powerful impressions, but it pre-
sents another and greater advantage, in the uniform regularity
which characterises the succession of its meteorological and organie
changes. The well marked lines of elevation which separate the
different forms of vegetable life, demonstrate in a striking manner
the same play of general and invariable laws, which govern the
celestial motions reflected in terrestrial phenomena. Thus, in the
burning plains which stretch nearly on the level of the sea in these
regions, we behold in profusion the families of bananas, of cyca-
dacess, and of palms, of which the number of species included in the
Floras* of the tropical regions, has been so wonderfully augmented
by modern botanic travellers. To these succeed, on the slopes of
the Cordilleras, in the mountain valleys, and in humid and shaded
olefts of the rocks, tree-ferns raising their thick eylindrical stems,
and expanding their delicate foliage, whose lace-like indentations
are seen projected against the deep azure of the firmament.
There, too, flourishes the cinchona, whose fever-healing bark is
deemed the more salutary, the oftener the trees are bathed and
refreshed by the light mists, which form the upper surface of the
lowest stratum of clouds.

Immediately above the region of the forests the ground is
covered with white bands of flowering social plants, small araliss,
thibaudias, and myrtle-leaved andromedas. The alp-rose of the
Andes, the magnificent befaria, forms a purple girdle round the
spiry peaks. On reaching the cold and stormy regions of the
Paramos, shrubs and herbaceous plants, bearing large and richly-
ooloured blossoms, gradually disappear, and are succeeded by s
uniform mantle of monocotyledonous plants, This is the grassy
zone, where vast savannahs clothe the high tablelands and the
wide slopes of the Cordilleras, whence they reflect a yellow hue,~
savannahs, on which graze llamas and cattle descended from those
formerly brought from the Old World. Trachytic rocks next
appear forcing the turf and rising high into those strata of the
atmosphere containing a less proportion of carbonic acid, and
supporting only plants of inferior organisation, such as the lichens,
the lecideas, and the many-coloured dust of the lepreria, which
forms small round patches on the surface of the stone.

Scattered patches of fresh fallen snow arrest the last feeble
traces of vegetation, and are succeeded by the region of perpetusl
snow, of which the lower limit is distinctly marked, and undergoes
but little change.

® The collection of vegetabls productions natural to a country is calld
its flora, and that of the animals indigenous to it its fauna,
180 ’
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from the countless myriads of suns eomposing the stellar universe
which are seen nightly sparkling in the heavens; and this latter
source of heat differs from that of the sun, inasmuch as all parts
of the earth are constantly exposed to it night and day, whereas
they are only exposed to the direct influence of the sun during
average intervals of twelve hours.

It resulted from the experiments and observations of
M. Pouillet, that the quantity of heat thus received by the earth
from the celestial spaces is such, that if it were uniformly diffused
over the surface it would be sufficient to melt a shell of ice,
enveloping the earth, 85 feet thick.®

183. Why temperature of the earth is not indefinitely
inoreased.—It may be asked, therefore, how it happens that if
the earth receive and absorb an annual quantity of heat so
enormous, its temperature is not raised to such a point as to be
incompatible with the continued existence of the organised world
upon it. It might be expected that the heat absorbed in the
torrid zone, being transmitted by the process of conduction
through the solid matter composing the earth to the colder regions
of the poles, would first dissolve all the ice there collected, and
then gradually raise the temperature of the polar regions, to
which the animal world would first take refuge flying from the
scorching region of the tropics, and which would become at the
same time the theatre of the present flora of the temperate and
tropical zones, and later would be raised to a temperature
destructive of all organisation.

Such a catastrophe is prevented, and the thermal condition of the
globe maintained within the necessary limits, by a remarkable pro-
perty with which matter has been endowed by its Maker, in virtue
of which all bodies possess the quality of thermal radiation, in the
exaot proportion in which they are endowed with that of thermal
absorption. The heat, therefore, which every part of the surface
of the earth absorbs from the solar rays, it throws back by the
process of superficial radiation, and if the atmosphere were every-
where cloudless, the heat thus radiated back would pass into the
celestial spaces, and the atmosphere would then, in spite of the
solar rays passing through it, remain at a very low temperature.

184, Effect of clouds.—The existence -of clouds, however
modifies this. The heat radiated from the surface of the earth ¥
in a great degree intercepted, and prevented from escaping into the
celestial regions, by the clouds, which reflect and radiate it beok
again to the earth through the lower strata of the atmospherei

"and thus these thermal rays, being reverberated between

* Bee Tract on Terrestrial Heat, Museum, vol. 8, p. 65.
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the contrary, liable to frequent changes of direction, are in many
places discontinuous, and are subject to still greater irregularity
in both height and width.

191, Spurs.—Each main ridge also throws out lateral ramifica-
tions at various angles with its general direction, called spurs.
Those are often themselves considerable chains of mountains,
throwing off secondary spurs parallel to the primary chain, or nearly
80. These subordinate ranges, intersecting each other at various
angles, and broken by valleys and ravines, form a retioulation,
which usually covers a vast extent of country stretching out at
either side from the base of the principal chain. They decrease
gradually in their dimensions, both horizontal and vertical, with
their distance from the parent chain. Every one who has visited
the country on either side of the ranges of the Alps, the Pyrenees,
or Mount Atlas, will be familiar with these features.

192, Relief of the Barth’s surface.—Considering the Earth as
a globe formed of solid matter, subject to superficial inequalities,
and partially covered with water, the land must be regarded
merely as the more elevated parts rising out of the waters, which,
according to the common law of gravitation, are lodged upon the
lowest levels. The level parts of the land must be considered as
plateaux, table-lands, or terraces formed upon vast mountains,
the bases of which are at the bottom of the Ocean.

The mountains, in like manner, which rise from the surface of the
land, must be considered as only the highest peaks of those whose
bases are established upon the bottom of the deep, and the plains
around them, upon which they rest, as merely terraces or
plateaux forming steps, as it were, in ascending their acclivities.

In accordance with these views, it is found that systems of
mountains, whether they form continued chains, detached groups,
or isolated peaks, seldom have their bases upon a low level. 0n
the contrary, the plains upon which they stand are almost
always plateaux or tablelands at a considerable altitude above
the level of the sea. The heights of mountain-summits being
always expressed with relation to the level of the sea, it must
therefore be remembered, that in estimating heights above the
general level of the plains on which the mountains stand, it 18
necessary to deduct the heights of such plains from the tabulated
heights of the mountains.

That this correction is of importance, will be comprehended
when it is remembered, that the heights of the tablelands upot
which the great chains of mountains stand, above the level of the
sea, varies from 2000 to 12000 feet. Thus, for example, the
tabulated altitude of Kunchinjunga, the highest peak of the
Himalayas, and indeed the most lofty point hitherto discov
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198. Average height of continents.—Baron Humboldt, by an
elaborate oaloulation, obtained & pretty exact estimate of the
average height of the snrface of the land, composing the prineipal
divisions of the world above the level of the sea. He found
that the average height of the land in Europe is 670 feet. In
North America, 748 feet. In Asia, 1132 feet; and in South
America, 11561 feet,

These results demonstrate that the land in the southern regions
is more elevated than in the northern. In Asia the low elevation
of the extensive plains or steppes of Siberia, is compensated by
the mountain masses between the parallels of 284° and 40° lat,,
extending from the Himalaya to the Kuenlun of Northern Thibet,
and to the Tianschian or Celestial Mountains. Some idea may be
formed from these caloulations in what parts of the globe the
action of subterranean plutonic forces, as manifested in the
upheaval of continental masses, has been most intense,

197. New mountain ranges possible.—¢ There is no suf-
ficient reason,” observes Humboldt, ¢ why we should assume that
the subterranean forces may not, in ages to come, add new systems
of mountains to those which already exist, and of which Eliede °
Beaumont has studied the directions and relative epochs. Why
should we suppose the erust of the earth to be no longer subject to
the agency, whickr has formed the ridges now perceived on its
surface? Since Mont Blano, and Monte Rosa, Sorata, Illimani,
and Chimborazo, the colossal summits of the Alps and the Andes
are considered to be amongst the most recent elevations, we are
by no means at liberty to assume that the upheaving forces have
been subject to progressive diminution, On the contrary, all
geological phenomena indicate alternate periods of activity and
repose ; the quiet which we now enjoy is only apparent; the
tremblings which still shake the surface in every latitude, and in
every species of rock—the progressive elevation of Sweden, and
the appearance of new islands of eruption—are far from giving us
reason to suppose that our planet has reached a period of entire
and final repose,”

THE OCEAN.

198. Greatest depth.—While the aerial ocean invests the entire
surface of the globe, having a depth of from forty to fifty miles
the liquid ocean under it, as already explained, covers only aboitt
three-fourths of the solid surface, being deposited acoording to the
laws of gravitation, in the lowest parts. According to the result
of soundings, already explained, the character of the solid surfa®
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part of it will be converted into vapour at the surface in contact
with the air; and the rate of such evaporation, other things being
the same, will be proportionate to the extent of the surface, the
temperature of the air in contact with it, and the superficial
temperature of the solution.

The water of the ocean is a solution of certain salts and alkaline
substances. The evaporation which takes place from its surface
affeots only the pure water, leaving the saline and other similar
constituents still dissolved in it. The pure aqueous vapour thus
taken into the atmosphere, rising to the more elevated strata, is
transported by atmospheric currents, and attracted by the mountain
summits and other elevated parts of the land, upon which it is
precipitated in the form of rain or snow, from which streams flow
down the declivities, discharging the functions of irrigation, and
thus contributing to the maintenance of animal and vegetable life
upon the land.

201, Olimatio effects.—Independently of the obvious advan-
tages which the ocean affords, as supplying the means of intercom-
munijcation by commerce between distant parts of the earth, it
also serves an infinite variety of purposes in the climatio economy
of the globe. It has been already shown that from the uniformity
of its physical qualities, it has a tendency to equalise and regularise
climate, so as to bring the isothermal lines into closer proximity
with the parallels of latitude.

202, Ocean ourrents.—Its liquid properties, however, com-
bined with the effeots of temperature, render it further sub-
servient to the general equalisation of the temperatures of the
extreme zones, moderating the heat of the torrid and the cold of
the frigid. This is accomplished by the great ocean currents,
the existence, directions, and limits of which have been i
by modern navigators.

These currents are classed as constant, periodical, and variable,
the two latter classes being determined chiefly by the influence of
the winds and tides.

203. Antarotio drift current.—The constant currents which
are by far the most important, have their origin chiefly in the
southern frigid zone, from which a vast stream called the antarcht
drift current, pours its cold waters first northwards into the
Pacific and then eastwards towards the eastern coast of South
America. Striking upon the shores of Chili, opposite the i
of Juan Fernandez, it is diverted to the north, following the oosst
of the South American continent, until it encounters the jutting
shores of Peru, by which it is turned westward, where it takes
the name of the equatorial current. ¥

204. Its equatorial course.—From that point, following the
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justly remarks, that our land forests do not harbour so many
animals as the 1ow wooded regions of the ocean, where the sea-
weed rooted to shoals, or long branches of fuci detached by the
force of the waves or currents, and swimming free, upborne by
air-cells, unfold their delicate foliage. The application of the
mioroscope still further increases our impression of the profusion
of organio life which pervades the recesses of the ocean, sinoe
throughout its mass we' find animal existence, and at depths
exceeding the height of our loftiest mountain chains, the strata
of water are alive with polygastric worms, cyclidi®, and ophry-
dine. Here swarm countless hosts of minute luminiferous animals,
mammalia, orustacea, peridinea, and ciliated nereides, which,
when attracted to the surface by particular conditions of the
weather, convert every wave into a crest of light. The abundance
of these minute creatures, and of the animal matter supplied by
their rapid decomposition, is such, that the sea water itself becomes
a nutritious fluid to many of the larger inhabitants of the ocean.

208. Moral impressions.—If all this richness and variety of
animal life, containing some highly organised and beautiful forms,
is well fitted to afford not only an interesting study, but alsoa
pleasing excitement to the fancy ; the imagination is yet more
deeply moved, by the impressions of the boundless and immeasur-
able which every sea voyage affords. He who awakened to the
inward exercise of thought, delights to build up an inner world
in his own spirit, fills the wide horizon of the open sea with the
sublime image of the Infinite; his eye dwells especially on the
distant sea line, where air and water join, and where stars rise
and set in ever renewed alternations: in such contemplations
there mingles as with all human joy, ¢‘a breath of sadness and
of longing.” *

* Humbolt's Cosmos, pp. 209, 303,
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proceed from the water, could possibly be such as to make a real
dog behave itself asthe dag of the fable did on that occasion.
‘Whether we were fully justified in this condemnation of the
ancient fable has been called in question, and some of our readers
think that an image may be reflected from the surface of water,
under supposable circumstances, with sufficient vividness to justify
Asop, or whoever else was the original author of the fable.

Instead of stopping here to dispute this point, we shall consult
the benefit of our readers better by explaining the principles on
which it depends, and indicating some simple experiments which
we have ourselves tried, and which any of our readers may easily
repeat.

2. When light falls upon a plane reflecting surface, the pro-
portion of the rays which are reflected is found by observation to
be less and less, the more perpendicularly the rays are incident.
The actual proportion reflected at different degrees of obliguity,
was determined by Bouguer, for different substances. The
results obtained by him in the cases of water and glass are given
in the following table, where the angle of incidence means the
angle which the incident ray makes with the perpendicular to the
reflecting surface. In the fourth column of the table is given for
each degree of obliquity the number of rays out of every thousand
which are reflected, and in the fifth column, the number which
are absorbed.

3. TABLE, showing the proportion of Light incident on reflecting surfaces,
which are regularly reflected at different anyles of incidence.

< No. of Ra
Bpecimen of reflecting Anglo of No. of Rays No. ot'lmy S | iy y |
Burface. Incidence. incident. rr: :c reflected and
* | absorbed. "
o ’ i ’
89° 30 1000 721 279 '|
75 o 1000 211 789 |
Water . . {60 1000 65 915 |
30 teo° 1000 18 982 |
35 1000 543 457 |
75 1000 300 700
Glass . . . . 60 1000 112 888 .I
30 too° 1000 25 975
H _

Now it appears from these results, that when a ray falls 8
obliquely upon the surface of water, as to make with the per
pendicular to the surface an angle of 75°, and, therefore, wiﬂ_l the
surface itself an angle of 15°, nearly a fourth of all the incides
rays are reflected. Hence it is that the image of the banksof 8
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‘When the observer, looking over the gunwale of a boal, is
within two feet, for example, of the water, the image produced by
the reflected rays is only four feet distant. The intensity of the
light is therefore greater, other things being the same, thanin
the former case, in the proportion of the square of 4 to the square
of 24, or what is the same, in the proportion of 36 to 1.

5. But besides this, there is another circumstanoe to be taken
into account. The rays of the pencils which, diverging from the
person of the observer, are reflected by the water and received by
the eye, have a greater obliquity than in the former case, in the
same proportion nearly as that in which the distance of the observer
from the surface of the water is diminished, and consequently
according to the results given in the above table, a much greater
proportion of these rays will be reflected. On both these accounts
the image, which was imperceptible from the bulwark of the
vessel, is often perceptible from the gunwale of the boat.

In all such observations, however, there are numerous modify-
ing conditions which will vary the result in different cases. Thus,
if the water be clear and transparent, and the bottom strongly
illuminated, the light reflected from it will often predominate so
much over the rays which produce the image to the observer, that
this image will cease to be perceptible.

6. We have tried some simple experiments on this subject, the
results of which are instructive, and which may be easily repeated
by any of our readers.

Fill a basin with water, and place it near an open window, look
down from a height of five feet vertically above the surface of the
water. You will not perceive any trace of your own image in the
water. Descend gradually towards the surface, and when your
face is at about four feet above it, the faintest conceivable image
of it will begin to be perceived. On approaching still closer, the
image will be a little, but a very little, more perceptible, but even
at the least distances the reflection will be so faint thatit can only
be perceived by concentrating the attention upon it.

Let the basin be now surrounded with a sheet or any other
expedient, by which the light falling from the window upon the
water shall be excluded, but so that your face being above the
edge of the sheet shall be still illuminated. You will then per-
ceive your reflected image with tolerable distinctness in the water,
even at a distance of four or five feet above its surface, and this
distinctness will be increased as the distance of your face above
the surface of the water is diminished.

7. The explanation of these effects is obvious. When the water
in the basin is exposed to the light of the window, the quantity
of the light reflected from the bottom of the basin to the eye of
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the observer predominates so much over the reflected rays which
formn the image of his face, that this image ceases to be sensible ;
but when by surrounding the basin with a sheet or cloth, all light
proceeding from the window is excluded, no light arrives at the
eye of the observer except the rays which form the image of his
face, which image is therefore distinctly perceivable.

"The basin of water may also be instructively applied to illus-
trate experimqptally the results consigned to the above table by
Boraguer. If it be placed on the floor or table between the observer
and the window, the observer standing at a considerable distance
frorn the basin, the rays proceeding from the window will be
strongly reflected from the surface, and a vivid image of the °
vindow will be perceived in the usual inverted position in the
water, As the observer approaches it, the basin at the same time
being moved nearer to the window, the obliquity of the incident
ray's to the surface of the water is gradually diminished, and the
vividness of the image will be found to decrease in a much more
1apid proportion, until at length the obliquity is so far diminished
that the image becomes altogether insensible.

. "Whether a reflection under any supposable conditions sufficiently
vivid to justify the ancient fable of the Dog and the Shadow is
probable, may be questioned, and we do not quarrel with some of
our readers who affirm this,. 'We admit that the expressions used
by wsin paragraph 18, p. 91, vol. 7, may have been too strong if
they are understood to imply that in no supposabl®case could any
Image whatever be perceivable. We think nevertheless that a
dog, looking into a porid with meat in his mouth, the surface
of the pond being necessarily exposed to the broad light of day,
would not be likely to mistake the exceedingly faint reflection of
the meat for another and preferable piece of that aliment.

8. In one of his Irish Melodies, so familiar to all lovers of poetry
and musie, Moore has the following lines —

¢“Oh ! had we some bright little isle of our own,
In a blue summer ocean far off and alone,
‘Where a leaf never dies in the still blooming bowers,
And the bee banquets on through a whole year of flowers ;
Where the sun loves to pause
With so fond a delay,
That the night only draws
A thin veil o’er the day ;
‘Where simply to feel that we breathe, that we live,
Is worth the best joys that life elsewhere can give.”

Now this is good poetry, but bad science. An ¢isle” in which
“a leaf mever dies,” and in which the flowers bloom through the
AN




SCIENCE AND POETRY.

year, must necessarily be within the tropics: a latitude to which
the succeeding lines about the ¢‘fond delay ” of the sun, and the
night which only ‘‘draws a thin veil o’er the day,” which pro-
duces, in other words, only a few hours of twilight, are utterly
inapplicable.

9. In tropical latitudes the variation of the length of the day is
very inconsiderable. It is a little more or a little less than twelve
hours, and that is all. The night is, consequently, subject to a
variation similarly limited. Instead therefore of the very long
days and the very short nights which the poet ascribes to his
‘“igle” in the blue summer ocean, there would necessarily be
nights, the duration of which could never be much less than
twelve hours in any part of the year.

But this is not all. Instead of enjoying a constant nocturnal
twilight, so beautifully described by the poet as a veil drawn over
the day, the inhabitants of the tropics enjoy scarcely any twilight
at all, being plunged in nocturnal darkness almost immediately
after sunset. This arises from astronomical causes, which will be
very easily understood.

Twilight is produced by the reflection of the sun’s light from
that part of the visible atmosphere upon which the sun continues
to shine after sunset until its depression below the horizon
amounts to about 18°. Now it is apparent, that the more nearly
perpendicular to the horizon the diurnal motion of the sun is, the
sooner will its orb attain this depression of 18° In the higher
latitudes, where the celestial pole is not very far removed from
the zenith, the sun is carried round in a’ diurnal circle, making
a very oblique angle with the horizon; consequently, after it
sets, its depression below the horizon increases very slowly, and
a long interval elapses before the depression amounts to 18° In
some latitudes at the season of Midsummer it is not so much
as 18° even at midnight; and in such places the poet might very
truly say,—

¢¢ The night only draws
A thin veil o’er the day.”

But the latitudes in which this can take place are very differ-
ent indeed from those in which

¢¢ a leaf never dies in the still blooming bowers,
And the bee banquets on through a whole year of flowers.”

The distance of the celestial pole from the northern point of
the horizon being always equal to the latitude of the place, as may
be seen by reference to our Tract on Latitudes and Longitudes,
the depression of the sun below the horizon at midnight will be
“aund by subtracting the latitude of the place from the sun's
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consistent with physical truth, without being less beautiful, than
that which we have quoted above.

How happily, for example, did he avail himself of that beantifal
property of the iris by which it accommodates the eye to greater and
less degrees of light, enlarging the pupil when the light is faint,
and contracting it when it-is intense.

The iris, as is well known, is the coloured ring which sur-
rounds the dark spot in the middle of the eye; this dark spot
being not a black substance, but a circular orifice through which
the light is admitted to the membrane lining the posterior part
of the internal chamber of the eye. This circular orifice is called
the pupil, the retina being the nervous membrane which pro-
duces the visual perceptions. These, with other particulars of the
structure of the eye, will be found fully explained in onr Tract on
that subjeect.

The iris which surrounds the pupil has a certain power of con-
traction and expansion, which is produced by the action upon it of
proper muscles provided for that purpose.

The quantity of light admitted through the pupil to the retina
is increased or diminished in the proportion of the area of the
pupil, which increases and diminishes in proportion to the square
of its diameter; a very small variation of which therefore pro-
duces a very considerable proportionate variation of the quantity
of light admitted.

If a person, after remaining for some time in a room dimly
lighted, pass suddenly into one which is strongly illuminated, he
will become instantly sensible of pain in the retina, and will
involuntarily close his eyes. After a short time, however, he will
be enabled to open them and look around with impunity.

The cause of this is easily explained. In the dimly lighted
room the pupil was widely expanded to collect the largest quantity
possible of the faint light, so that a sufficient quantity might be
received by the retina to produce a sensible perception of the
surrounding objects. On passing into the strongly illuminated
room the expanded pupil admits so much of the intense light as
to act painfully on the retina, before there is time for the iris to
adjust itself so as to contract the aperture of the pupil. After
a short interval, however, this adjustment is made, and the area
of the pupil being diminished in the same proportion as the
intensity of the light to which it is exposed, has been augmented
in passing from the one room to the other, the action upon the
retina is proportionally mitigated, so that the eye can regard
without pain the surrounding objects.

The reverse of all this takes place when the eye suddenly
passes from strong to feeble illumination. The pupil contracted
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when exposed to the strong light is not sufficiently open to admit
the rays of feeble light necessary to produce visual perception,
and for some time the surrounding objects are invisible. When,
however, the proper muscular apparatus has had time to act upon
the iris so as to enlarge the pupil, the rays are admitted in greater
quantity, and the surrounding objects begin to be perceived.
These phenomena are beautifally expressed by the lines of
Moore: —
¢* Thus when the lamp that lighted
The traveller, at first goes out,
He feels awhile benighted,
And lingers on in fear and doubt ;

¢¢ But soon the prospect clearing,
In cloudless starlight on he treads,
And finds no lamp so cheering
As that light which Heaven sheds.”

Nevertheless there is al point in this which demands some ex-
Planation, It isimplied in these lines that the source of nocturnal
Hlumination is chiefly, if not exclusively, starlight, This has

in a great measure disproved in some memoirs published by
Arago in the ¢ Annuaire du Bureau des Longitudes,” in which he
shows that there must be some other source of nocturnal illumi-
Dation than that of the stars. On nights, for example, which are
thickly clouded there is sometimes a stronger light than on those
0 which the firmament is clear and serene. From this and other
Glrcamstances Arago argues that there must be some power of
Ulamination in the clouds or in the atmosphere independently of
the light which proceeds from the stars. This is a point, however,
e full development of which would require more space and
time than we can spare for it on the present occasion.

linll‘ In another of Moore’s poems we find the following beautiful
€8 ;—
¢¢ While gazing on the moon’s light
A moment from her smile I turn’d,
To look at orbs that, more bright,
In lone and distant glory burn’d.
But too far
Each proud star,
For me to feel its warming flame,
Much more dear,
That mild sphere,
Wl:ich near our planet smiling came.
» * *

Thus, Mary, be but thou my own;
While brighter eyes unheeded play,
Tl love those moonlight looks alone,
That bless my home and guide my way.”
. A
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This is not only beautiful poetry, but sound astronomy. The
distances of the stars are many hundreds of millions of times
greater than that of the moon, but their actual splendour is in
many cases greater than that of the sun. Thus it has been shown
by calculations made upon observations which appear to admit of
no doubt, that the star Sirius, commonly called the Dog-star, is a
sun 146} times more splendid than that which illuminates our
system. Its distance, however, is so enormous that the actual
light which it sheds upon our firmament is less than the five
thousand millionth part of the sun’s light.

Another star, which is the principal ome in the constel-
lation of the Centaur, has been ascertained to be a sun whose
splendour is 2} times greater than that of ours, but, owing
to its enormous distance the light which it sheds in our
firmament is twenty-two thousand million times less than that
of the sun.* .

Sir John Herschel compared the light shed by this star from
our firmament, and found by exact photometric measurement
that it was 27408 times less than the light of the full moon.

12, Shakspeare imputes to the cricket the sense of hearing—
¢¢ I will tell it softly, young crickets shall not hear me.

This was long considered as a scientific blunder on the part of
the poet, the most eminent naturalists having maintained that
insects in general have no sense of hearing. Brunelli, an Italian
naturalist, however, has demonstrated that the cricket at least
has that sense. Several of these insects, which he shut up ina
chamber, continued their usual crinking or chirping the whole
day except at moments when he alarmed them by suddenly
knocking at the door. The noise always produced a temporary
silence on their part. He contrived to imitate their sounds so well
that the whole party responded in a chorus, but were instantly
silenced on his knocking at the door.

He also made the following experiment. He confined a male
cricket on one side of his garden, while he put a female on the
other side at liberty. The moment the belle heard the crink of
her beau she showed no coyness, but immediately made her way
to him.

13. The female glowworm, which emits the phosphorescent light,
familiar to all who have dwelt in warm climates, remains com-
paratively stationary to await the approach of her mate, attracted

* Lardner’s Astronomy, pp. 749, 752.
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r the light which she holds out to him, a circumstance of
oore has availed himself with his usual felicity :—

¢¢ Beautiful as is the light
The glowworm hangs out to allure
Her mate to her green bower at night.”

he well-known economy of the bee was never more beauti-
scribed than by Shakspeare, who puts the following
ion into the mouth of the Archbishop of Canterbury :

“True ! therefore doth Heaven divide

The state of man in divers functions,
Setting endeavour in continual motion ;
To which is fixed, as an aim or butt,
Obedience : for so work the honey bees ;
Creatures that, by a rule in nature, teach
The act of order to a peopled kingdom,
They have a king, and officers of sorts :
Where some, like magistrates, correct at home ;
Others, like merchants, *venture trade abroad ;
Others, like soldiers armed in their stings,
Make boot upon the summer’s velvet buds ;
Which pillage they with merry march bring home
To the tent royal of their emperor !
Who, busied in his majesty, surveys
The singing masons building roofs of gold ;
The civil citizens kneading up the honey ;
The poor mechanic porters crowding in
Their heavy burdens at his narrow gate ;
The sad-eyed justice, with his surly hum,
Delivering o’er to éxecutors pule
The lazy yawning drone.”

Henry V., Act. 1., Scene 2.

a

he phrase ¢‘as blind as a beetle,” is as false as it is fami-
1 the rapid flight of this insect in the evenings of summer,
strikes the face of those who walk abroad, and hence is
1sly inferred to be blind.

s describes this insect in the well-known lines of his
ivening :—

¢ Now air is hushed, save where
The beetle winds his small but sullen horn,
As oft he rises midst the twilight path,
Against the pilgrim borne in heedless hum.”

t, it will be observed, avoids falling into the popular
imputing blindness to the insect.
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16. In Campbell’s immortal poem, the Pleasures of Hope, we
find the following lines :—

¢ Angel of Life! thy glittering wings explore
Earth’s loneliest bounds, and Ocean’s wildest shore.
Lo! to the wintry winds the pilot yields
His bark careering o’er unfathom’d fields;
Now on Atlantic waves he rides afar,
Where Andes, giant of the western star,
With meteor standard to the winds unfurl’d,
Looks from his throne of clouds o’er half the world.”

Although it is difficult to assign a limit to the degree of exagZ”
geration allowed by the licence of poetry, it is quite clear theat
there is some such limit, and we apprehend that if these lines
so admirable as poetry, be curiously examined by the light ©f
scicnee, they will scarcely be considered as falling within suc
limit.

We arc to imagine with the poet the genius of the And€®
enthroned upon the most lofty peak of that chain, looking rournd
him at the hemisphere, on the middle of which his throne rest=-
To behold from such a position ¢‘half the world,” would B>€
a manifest optical impossibility, however elovated his seat mighst
be. But if his range of view could in any degree approximate £©
half, or even to a quarter of the globe, the exaggeration migh»?t
be allowed to pass. Let us see, however, what would be tk»€
utmost possible range of view which could be obtained by &
observer placed upon the apex of the most lofty cone of tRkz€
Andes, supposing the surrounding mountains of less elevation not
to interrupt his general view of the earth’s surface.

The most lofty peak of the Andes is that of Aconcagua, which
rises immediately above Valparaiso, overlooking the Pacific Ocear-
The extreme height of this summit is 23910 feet. Now let T8
see what would be the extreme range of view from such axn
elevation; and in making this calculation we shall, contrary t©

our custom, introduce its mathe-

Fig. 1. matical details, so as to inspire

2_ oo our readers with greater confidenc®

/ 5/ in the result. Let us suppose the

/ ° semicircle here indicated to repre-
sent the section of the hemispheres

/ | near the middle of which the suni-
- + mit of the mountain is plaoed'

Let o represent the base, and T
the summit of the mountain. If a line Tz be drawn tonchi?g
the earth, the point z will be the limit of the range of view ¢
an observer looking from T in the direction of T z, and the
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By what instruction does she bite the grain,

Lest, hid in earth, and taking root again,

It might elude the foresight of her care ?”
Prror.

It has been ascertained, however, that these instinets are
erroneously imputed to the ant. That inseot passes the winter in
a torpid state, and does not lay up any store of provisions, Still
less does it take any such precautions as those commonly im-
puted to it, of biting off the ends of the grains which it laysin
store, to prevent them from germinating. It is supposed that
this error may have arisen from the insect being observed to
carry about their young in the pupa state, in which they have
some resemblance to a grain of corn, and also from their being
observed to gnaw off the end of the sheath which encloses the
pupa, in order to liberate the insect, after it has attained its perfect
state, from its confinement.

18. The words of Solomon respecting this insect, which ocour in
Proverbs, vi. 6, 7, 8, are well known :— )

6. Go to the ant, thou sluggard ; consider her ways and be wise.

7. Which having no guide, overseer, or ruler,

8. Provideth her meat in the summer, and gatheret.h her food in the
harvest.

If the original Hebrew word, which has been here tranalated by
the Saxon ant, properly signifies the European insect of that
name, these verses of Solomon would undoubtedly involve an
error in zoological history; but that cannot be affirmed until the |
habits and manners of other species of the insect inhabiting
warmer climates have been examined and ascertained. For
although during the cold winters incidental to this climate, the
ants remaining in a torpid state do not need food, yet in warmer
regions, where they are probably confined to their nests during
the rainy season, a store of provisions may be necessary for them.
This supposition has been to a great extent verified by the dis-
covery made by Colonel Sykes, at Poonah, in India, of a species of
ant, which he denominates Atta providens, which store up the
seeds of a kind of grass culled panicum, at the time they are ripe
in January and February, which they expose on the outside of
their nests to the sun in the warm season, for the purpose of
drying them after they have been wetted by the rains of the
Monsoon. Such measures cannot be explained, except by the
supposition that these seeds are destined for food, and though
there is no recorded instance of ants feeding on any vegetable
substances, except such as are saccharine, yet, all experience
proves how constantly in entomology, exceptions to general laws

206



- PROVERBS—JOB.

are presented, and there seems to be good reason to believe that
this is one of them.*

19. Every reader who is duly sensible of the sublime poetry of
certain parts of the Hebrew Scriptures will be familiar with the
following splendid description of the war-horse in the Book of
Job, xxxix, 19:—

" 19. Hast thou given the horse strength ? hast thou clothed his neck
with thunder ¢

20. Canst thou make him afraid as a grasshopper? the glory of his
nostrils s terrible.

21. He paweth in the valley, and rejoiceth in his strength : he goeth
on to meet the armed men.

22. He mocketh at fear, and is not affrighted ; neither turneth he back
from the sword.
ahl23. The quiver rattleth against him, the glittering spear and the

ield.

24, He swalloweth the ground with fierceness and rage; neither
believeth he that i is the sound of the trumpet.

52. He saith among the trumpets, Ha, ha ; and he smelleth the battle
afar off, the thunder of the captains, and the shouting. -

20. In reading these verses, one is so dazzled with their splen-
dowur that it is difficult to submit them to the cold test of physical
truath, Nevertheless, it has always appeared to us, that the
Second member of the first verse above quoted is, as translated,
destitute of all meaning. To clothe an object with thunder would
be o olothe it with a sound, which obviously is destitute of all
eaning either literal or metaphorical. It might seem as though
the gllusion intended in the original of the passage might have been
% lightning and not to thunder. One can conceive the waving
ing flashing of the mane of the war-horse fairly enough imaged
by lightning, especially when considered in connection with the
Toar of the battle-field and ¢‘the thunder of the captains,” so

€ly deseribed in a succeeding verse. 1f the original Hebrew
terry which has been translated by the word thunder could bear

© signification of lightning, the objection here advanced would
Temoved.

To say that a thing is clothed with a sound reminds one of an
Mecdote to which we have alluded on a former occasion. A
blind man being asked what idea he had of the colour scarlet,
Toplied that he believed he had a very clear notion of it, for that
1t Wwas just like the sound of a trumpet.

21. Thinking it highly probable that the blemish which I have

* Trans. Ent. Soc., London, Vol. ii. p. 211.
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here indicated was attributable to the translators, rather than
the author, of the book of Job, I have had recourse to the original
Hebrew ; and desiring on such a point to be supported by higher
authority than I can myself lay elaim to, I requested the aid of
two eminent Hebraists, Dr. Alexander MoCaul, of King’s College,
and the Rev. Professor Marks, of University College, London,
both of whom have favoured me with their opinions and sug-
gestions on the subject; and, as they do not materially differ,
there can be no doubt that their interpretation is substantially
correct. It appears, as I anticipated, that the translation is
faulty ; but, on the other hand, the Hebrew word which has been
translated thunder never means lightning.

22, Gesenius says that the primitive sense of the term used is
tremor, or trembling, being derived from the verb Raam, which
signifies to tremble. In verse 19, he says, that it has the
primary sense, tremor, and that it is used poetically for the mane
of a horse, as in the Greek ¢é8n. Here, however, are his words
from the Thesaurus:

¢y £, 1, tremor; poet. projuba equi, que in equis nobilioribus
propter cervicis obesitatem contremiscit, unde gr. $48n, juba,a
¢dBos. (Job. xxxix. 19.)”

23. The famous Ewald, the other great authority in Hebrew,
in his ¢ Poetische Biicher des Alten-Bundes,” gives the same
sense, and translates the word by the German Zittern, trembling.
Both understand the trembling mane, and therefore find no
allusion to thunder or lightning. The word is by none inter-
preted lightning, and cannot have that meaning. The LXX have
¢dBov, tremor, which Gesenius supposes to be equivalent to ¢8s,
mane, Symmachus has xAayyfv. Theodotion, xpemerioudy, which
sense is also given by the Vulgate, Hinnitum. The moderns,
who prefer this sense, take ‘“‘neck’’ as poetic for ¢ throat,” or
explain the thunder of the sound of the long shaking mane.

24. Schultens translates the word ¢ tremore alacri,” (with
rapid quivering). Parkhurst translates the word thus, ¢ With
the shaking mane.”

25. On the whole, therefore, it appears that the English version
of the second member of v. 19, chap. xxxix. is incorrect. ¢ Hast
thou clothed his neck with thunder?’ is not the sense of the
original Hebrew, which would be correctly rendered thus, ¢ Hast
thou clothed his neck with a shaking (or flowing) mane ?”
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THE BEE.

less beneficence, never fails to excite in well-constituted minds the
most pleasurable and grateful emotions. Such views of Nature
are the truest and purest fountains of that reverential love,
which so eminently distinguishes the Christian from all other
forms of worship.

In the notices from time to time given in this series of the
stupendous works of creation presénted in the heavens, and of
the benevolent care displayed in the supply of the physical wants
of the inhabitants, not of the terrestrial globe * alone, but also of
the planets,t which, in company with the earth, revolve round
the sun, numerous examples of such beneficence are presented.
The vast dimensions of these works, as well as the great import-
ance and the countless numbers of the objects to be provided for,
leading the mind naturally to expect a system of provisions esta-
blished on a corresponding scale, their display, while it excites
equal admiration and reverence, produces a less intense sentiment
of wonder., When, however, we turn our view from the vast
works of creation exhibited in the celestial regions, to the mors
minute ones presented in the organised world around us, our
wonder is as much excited as our admiration, at beholding the
same traces of Divine care in the economy of an insect, as were
observed in the structure and motions of a planet. There are the
same infinite wisdom and foresight, the same unapproachable
skill, the same boundless goodness directed to the maintenance of
the species and the well-being of the individual, as we have seen
displayed in the provisions for a globe a thousand times larger
than the earth, or for a cluster of worlds millions of times more
numerous than the entire solar system, sun, earth, planets, moons,
and all! We have thus before us a demonstration that as the
most stupendous works of the universe—the expression of whose
dimensions surpasses the powers of arithmetic—are not above
Divine control and superintendence, so neither are the most insig-
nificant of creatures—whose existence and structure can be made
evident only by the microscope—below the same benevolent care.

2. Among the numerous examples, suggestive of reflections
such as these, presented by the insect-world, there is none more
remarkable than the little creature, to the character and economy
of which we shall devote this notice. How true this is, is proved
by the examples of those who, in all ages of the world, have d.e-
voted their labours to the observation and investigation of its
character and habits, In the Hebrew Scriptures numerous allt-
sions to the bee show that, in those remote times, it had already

* See Tracts on the Earth, Geography, Terrestrial Heat, Air, Water, &
+ Sec the Planets, are they inhabited ? the Sun, the Moon, the Stellar
Universe, &e.
o
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education of this person; but nature had bestowed upon him
faculties which, with better opportunities, would have rendered
him an eminent naturalist. Huber commenced by employinghim
as a reader.

He read to his master various works on physics, and, among
others, those of Reaumur, in which the admirable observations of
that naturalist on the bee are so clearly and beautifully stated-
Huber soon perceived by the observations and reflections of his
reader, and by the consequences he deduced from what he resd,
that he had at his disposition no ordinary person, and resolved to
profit by him. He accordingly procured the means of prosecat-
ing a series of observations on the economy of the bee, with the
aid of the eyes, the hands, and the intelligence of Burnens. All
the observations of Reaumur were first repeated, and the accord—
ance of the phenomena, as described by Burnens, with these
which had been recorded by Reaumur, gave Huber full confi-
dence; and the master and servant, quitting the beaten path,
entered upon new ground, and during a period of fifteen years,
prosecuted those researches in the natural history and economy of
the bee, which, being committed to writing by the hand of Bur~
nens at the diotation of Huber, were published in one volune
about 1792, in form of letters addressed by Huber to Bonnet.

6. Soon after this, Huber lost his invaluable colleague, for
servant he had long ceased to be. Burnens was recalled by
family ties to his native place, where the personal estimation in
which he was held caused him to be raised to a high positionin
the local magistracy.

Previously to this, Huber had the good fortune to consolidate his
domestic happiness by marriage. ¢ My separation from my faithful
and zealous Burnens,” said Huber, ¢ which was not the least cruel
of the misfortunes with which I was visited, was, however, so
by the satisfaction which I felt in observing Nature through theeyes
of the being who was dearest to me, and with whom I could com-
mune with pleasure on the most elevated topics. But what more
than all the rest contributed to attach me to natural history, wes
the taste manifested by my son for that subject. I explained t
him the results of my observations and researches. He ex
the regret he felt that labours which would, as it seemed to him
so deeply interest naturalists should remain buried in my port-
folio, Perceiving, meanwhile, the secret repugnance that I felf
against the task of reducing them to order, he proposed to take
charge of that labour.”

7. From that time our great naturalist was again consoled, b
having at his disposal two pair of eyes in place of one. The wif¢
and‘the son, animated by a common enthusiasm, and urged by
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a Latin word signifying HoXEY-GATHERERS; or Anﬁoph'la,:
Greek word signifying FLOWER-LOVERS.
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Fig. 1.

11. How numerous are the varieties of bees may be conceived,
when it is stated that of bees found in Great Britain alone, Kirby
in his Monograph has enumerated 220 species, and other more
recent observers have increased the number to 250. The species,
however, which by its commercial importance, as well as by its
remarkable habits and social organisation, presents the greatest
interest, is the Hive Bee, to which, therefore, we shall chiefly
limit our notice.

12. The Hive bee belongs to what naturalists have denominated
the perfect societies of insects. Each community of these insects
consists of three orders of individuals distinguished by their
number, their organisation, and the respective share they take in
the common labour of the society. These are denominated seve-
rally the gueen or sovereign, the males or drones, and the workers;
the latter consisting of two classes, called the waz- makers and
the nurses. A hive which contains as many as 50000 bees will
have only one queen, and not above 2000 males.

13. The queen who, as her title implies, is the acknowledged
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her to it, for in no human monarchy are the hopes of succession. 80
anxiously cherished as in the Empire of the Hive.

14, It must not be imagined, that because a lady is thwus
domesticated alone with so many hundred lovers, there is axay
the least degree of laxity in the morals of the society; on the coxa-
trary, although she is absolutely uncontrolled, and is co
by so many hundreds, her choice is strictly limited to one. Afixze
warm sunny day is selected for the nuptials, which are celebrated
in the air. On the auspicious ocoasion, her majesty issuing froxm -
the hive followed by the multitude of her suitors, rises in the air’
where she is enciroled by the flight of the candidates for her
favour. Here she makes her selection, but, alas! the felicity 8
brief, for the object of her choice never outlives the wedding-day -
She is, however, not the less faithful to him, and never contracts
a seoond marriage.

15. Though her majesty is thus left a widowed bride, 3T
two days after the celebration of her nuptials and the loss ©
her lord, she commences to lay eggs from which a posthumouz®
progeny of that lord, countless in number, are destined to issue -
Of the hundreds of rejected suitors,a limited number emigrate
with the successive swarms, which from time to time leave thr €
overpeopled hive. Those which remain, being no longer useful £©
the community, become objects of general aversion, and are finall ¥
exterminated by a general massacre, as will presently be mox—<
fully explained.

16, During six or eight weeks the queen constantly lays egg=>
from which working bees only are destined to issue. Chambemr—5
have been previously prepared for these, suitable to the futue="+*
young ones, in form, size, and position, by the workers. In eac>
of those cells the queen deposits a single egg.

At a later period her majesty begins to lay another kind of ege=?
from which males will issue. For these also special chambex—""
have been provided by the careful workers, of suitable dimem— -
sions, being somewhat more roomy than those prepared fcs=T
worker-eggs. The number of these male eggs and of the— <
oells for their reception is incomparably less than those of the—
workers ; less, in short, in the proportion in which the drom— “
class is less numerous than that of the workers in the populatio—ss=
of the hive,

17. In fine, the queen, sensible of her mortality, and more= —
over of the approaching state of superabundant population in thx <€
hive, lays a certain small number of royal eggs, from which as—=
many princesses issue, who are severally destined to be candidate=
for the thrones of the colonies which are to emigrate, or to succee<®
to the throne of the hive itself, should the queen-mother, as oftex®
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In common with insects generally, the chief parts of the moxath
are, the tongue, the jaws, the lips, and the ¢tAroat or cesophagus.

The jaws are each double, separated by a vertical division.
Each pair opens, therefore, with a horizontal instead of a vertical
movement like the human jaws. The pair of upper jaws are called .
mandibles, and the lower mazille. The upper lip is called the
labrum and the lower the labium. The mouth is also supplied
with two pairs of special organs called palps or feelers, one pair
attached to the lower lip and called labipalps, and the other to the

lower jaw and called mazipalpi.

28, In fig. 7, is given a magnified view of the buocal apparatus
of the wild bee (Anthophora retusa),* the parts being indicated.

Fir. 7.

Antenne

Man
Labium
[ Maxillary
Lateral lobes of little tongue
Labial
Little tongue

A less detailed view, also magnified, of the same apparatus of
the hive-bee is shown in fig. 8,
s« Mandibles

« o . Lateral sheath

Tuner sheath. . « « « Inner sheath

" ... Tongue
’ Fig. 8.—Tongue of Hive bee (magnified)
10 * Milne Edwards,
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easily seen, and its action observed, by inspecting with a mieroscope
the feet of a fly walking on a pane of glass, the observer being on
the side of the pane opposite to that on which the fly moves. .

32. Besides the stomach and intestines, the abdomen of the
queen and workers contains the sting and the apparatus connected
with it, by which the venom which it pours into the wound is
secreted, an instrument of offence supplied to these in common
with many other species of four-winged insects. This formidable
weapon of vengeance is established in its tail, All the insects
which in common with the bee are supplied with a sting, belong
to the order hymenoptera or membrane-winged. This weapon
consists of two darts finer than a hair, which lie in juxta-
position, being barbed on the outer sides, but so minutely that
the points can only be seen with the microscope. These darts
move in the groove of a strong sheath, which is often mistaken
for the sting itself. When the dart enters the flesh, a drop of
subtle venom, secreted by a peculiar gland, is ejected through
the sheath and deposited in the wound. This poison produces
considerable tumefaction, attended with very acute pain.

The posterior extremity of the body of a worker with the sting
protruded is shown in fig. 13.

Muscular apparatus by
which the sting is
propelled

Fig. 13.—Posterior extremiftjr
of the body of a worker with

the sting protruded. Venom-bag

Fig. 14.—The same slightly magnified, showing
the venom-bag.

The sheath of the sting, also called the ovipositor, consists, ac-
cording to Dr. Bevan, of a long tube, or rather of several tubes,
which pass one into another like those of a telescope. The muscles
by which the sting is propelled, though too minute to be seen
without the microscope, have, nevertheless, sufficient power to
drive the sting tothe depth of the twelfth of an inch into the thick
cuticle of a man’s hand. The sting is articulated by thirteen scales
to the posterior extremity of the body, and at its root are the Pa.ir
of glands, one of which appears in fig. 14, in which the poison

14






THE BEE.,

34. We have already stated that the king-consort never sur-
vives the bridal day. As this does not affeot the conjugal fidelity

Oviducts . Oviducts
Sperm reservoir Ovipositor

Venom duct *

Fig. 16.—Ovaries of the queen and their appendages.

of her majesty, who never allows a sucocessor to her departed
lord, so neither does it impose any limit to the posthumous off-
spring which she bears to him. Small as are the ovaries, or egg
organs, which are shown highly magnified in fig. 16, her majesty,
according to Huber, generally produces from them abcut 12000
eggs in the short interval of two months, being at the average
rate of 200 per day.

Although her majesty does not continue so prolific during the
remainder of her life, she nevertheless gives birth to a progeny
enormous in number. The number of eggs deposited by her in
the cells in the months of April and May is, as above stated, about
12000. According to Schirach, a prolific queen will lay i 8
season—that is, from April to October inclusive—from 70000 to
100000 eggs. This amazing power of reproduction is not exerted
uniformly during the season. There are two fits, so to speak, of
fruitfulness. The first in April and May ; the second, in August
and September, with an interval of comparative repose in July-
This immense increase of population, rendering emigration indis-
pensable, the over-peopled hive sends forth swarm after swarm
so fast as the young arrive at maturity; and with each swarm
one of the princesses goes forth, and is elevated to the throne of
the new colony, except in the event of the abdication of the queen-
mother, in which case she emigrates herself, resigning the sove-
reignty of the hive to one or other of the princesses.

16
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lay at this rate all the year round, yet, taking the lowest estimate
of the period of her reproduction, the number of her young will
probably exoeed not only that of the queen bee, but that of any
other known animal.*

36. There is nothing in the economy of the bee more truly
wonderful, nor more caloulated to excite our profound veneration
of the beneficent power, which conferred upon it the faculties
which guide its conduct, than the measures which it takes for the
construction of its dwelling, and for those of its young. These
processes are very various, according to the particular species of
the insect which executes them. Now, most of these species
differ in the mechanical and architectural principles upon which
they base the construction of their dwellings, all agreeing, never-
theless, in this, that they select those principles with admirable
gkill, adapting them in all cases to the situation and circum-
stances in which their habitations are ereoted.

37. If we would form an estimate of the civilisation and intel-
lectual condition of the population of a newly-discovered country,
we usually direct our attention, as Kirby observes, to their build-
ings and other examples of architectural skill. If we find them
like the wretched inhabitants of Van Diemen’s land, without
other abodes than natural caverns, or miserable penthouses of
bark, we at once regard them as ignorant and unhumanised. If,
like the South Sea islanders, they live in houses of timber
thatched with leaves, and supplied with various utensils, we
place them much higher in the scale. But when we discovers
nation inhabiting townslike the ancient Mexicans, consisting of
stone houses regularly arranged in streets, we do not hesitate to
pronounce them advanced to a considerable point in eivilisation.

If, morcover, it be found that each building has been con-
structed upon the most profound mathematical prineiples, so that
the materials have been applied under such conditions as ensure
the greatest degree of strength, combined with the greatest degree
of lightness; and that, while the internal apartments display the
most beautiful symmetry, they also afford the greatest capacity
which a given amount of materials can admit, we at once arrive
at the conclusion that such a population must have arrived not
alone at the highest degree of civilisation, but at the highest point
in the advancement of the sciences.

38. If we were to affirm that all this may be said with the
most rigorous truth of many varieties of the bee, and above all of
the common hive-bee, we might be suspected of being merelf
excited by that enthusiasm so common with those, who devoe

* See Tract on the White Ants.
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desoribed, and avail themselves of the ready-made cavities of trees,
or any other object which answers their purpose. Kirby mentions
the example of nests of this kind found by himself and others,
constructed in the inside of the lock of a garden-gate.

M.Apmcwdinghubeenmertainedonthepartofthm
insects in such cases, which it is extremely difficult to ascribe to
mere instinct, independent of some intelligence. “Wherever the
nest may be constructed, the due preservation of the young requires
that until they attain the perfect state, their temperature should
be maintained at a certain point. So long as the material sur-
rounding their nest is a very imperfect conductor of heat, as
earth or the pith of wood is, the heat developed by the insect,
being confined, is sufficient to maintain its temperature at the
requisite point. But if, perchance, the mother-bee select for her
nest any such locality as that of the lock of a gate, the metal,
being a good conductor of heat, would speedily dissipate the animal
heat developed by the insect, and thus reduce its temperature fo
a point incompatible with the continuance of its existence. How
then does the tender mother, foreseeing this, and eonsequently
informed by some power of the physical quality peculiar to the
metal surrounding the nest, provide against it? How, we may
ask, would a scientific human architect prevent such an even-
tuality? He would seck for a suitable material which is a non-
conductor of heat and would surround the nest with it. In fact
the very thing has occurred in a like case in relation to steam-
engine boilers. The economy of fuel there rendered it quite as
necessary to confine the heat developed in the furnace, as it is to
confine that which is developed in the natural economy of the
pupa of the bee. The expedient therefore resorted to is to invest
the boiler in a thick coating of a sort of felt, made for the pur-
pose, which is almost a non-conductor of heat. A casing of
sawdust is also used in Cornwall for a like purpose. By thess
expedients the escape of heat from the external surface of the
boiler is prevented.

45. The bee keeps its pupa warm by an expedient so exaetly
similar, that we must suppose that she has been guided either by
her own knowledge, or by a power that commands all knowledge, in
her operations, She seeks certain woolly leaved plants, such as the
stachys lanata or the agrostemma coronaria, and with hee
mandibles scrapes off the wool. She rolls this into little balls,
and carrying it to the nest, sticks it on the external surface by
means of a plaster, composed of honey and pollen, with which
she previously coats it. Thus invested, the cells become impervious
to heat, and consequently all the heat developed by the little

" animal is confined within them.
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parallel, others perpendicular, and others inclined to the wall at
different angles. The whole mass is consolidated by filling up
the irregular intersticial spaces between the cells, with the same
material as that of which the walls are built. After this has
been accomplished, the whole is covered up with coarser grains
of sand.

The nest when thus finished resembles 2 mass of solid stone, 80
hard as to be cut with much difficulty by a knife. Its form isan
irregular oblong, and to a casuil observer presents the appearance
of a mere splash of mud rather than that of a regular stracture,

The inseots are sometimes so sparing of their labour, that they
avail themselves of old nests when they can find them, and often
have desperate combats to seize and retain possession of them,

48. It might be imagined that nests so solidly constructed would
afford perfeot protection to the young from its enemies ; such is
nevertheless not found to be the case. The ichneumon and the
beetle both contrive occasionally to deposit their eggs in the cells,
the larve of which never fail to devour their inhabitants.

Different varieties of the masons select different situations and
materials for their nests. Some use fine earth, which they make
into mortar with gluten. Others mix sandy earth with chalk.
Some construct their nests in chalk-pits, others in the cavities ot
large stones, while others bore holes for them in rotten wood.
‘Wherever placed they endeavour to conceal them, by plastering or
covering them with some material different from that of which
the nest is constructed. Thus one species surrounds its nest with
oak-leaves glued to its surface. M. Goureau mentions the case of
& bee that employed an entire day, in arranging blades of grass
about two inches long, in the form of the top of a tent over the
mouth of its nest. A case of this sort was also observed by Mr.
Thwaites, who saw a female for a considerable time collecting small
blades of grass, which she laid over the empty shell of a snail in
which she had located her nest.

49. The name of upholsterers has been given by Kirby to certain
species of bees, who, having excavated their nest in the earth,
hang its walls with a splendid coating of flowers and leaves. One
of the most interesting of these varieties is the megachile
papaveris, which has been described by Reaumur. It chooses
invariably for the hangings of its apartments the most brilliant
scarlet, selecting as its material the petals of the wild poppy,
which the insect dexterously cuts into the proper form.

50. Her first process is to excavate in some pathway a burrow
eylindrical at the entrance, but enlarged as it descends, the depth
being about three inches. After having polished the walls, she
next flies to a neighbouring field, where she cuts out the oval
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the middle of which, as the most skilful workman would doina
like case, she places over the margins of those that form the first
side, thus covering and strengthening the junctions by the expe-
dient which mechanics call a break-joint. Continuing the same
proocess she gives a fourth and sometimes a fifth coating to her
nest, taking care at the closed end or narrow extremity of the
oell, to bend the leaves so as to form a convex termination; .

After thus completing each cell, she proceeds to fill it to within
the twenticth of an inch of the orifice with a rose-coloured sweet-
meat made of the pollen collected from thistle blossoms mixed
with honey. TUpon this she lays her egg, and then closes the
orifice with three picces of leaf, one placed upon the other, con-
centrical and also so exactly circular in form, that no compasses
oould describe that geometrical figure with more precision. In
their magnitude also they correspond with the walls of the cell with
such a degree of precision, that they are retained in their situation
merely by the nicety of their adaptation.

The covering of the cell thus adapted to it being concave,
corresponds exactly with the convex end of the cell which is to
succeed it, and in this manner the little insect prosecutes her
maternal labours, until she has constructed all the cells, six or
seven in number, necessary to fill the cylindrical hole.

63, The process which one of these bees employs in cutting the
pieces of leaf that compose her nest, is worthy of attention.
Nothing can be more expeditious, and she is not longer about it
than one would be in cutting similar pieces with a pair of scissors.
After hovering for.some moments over a rose-bush, as it were to
reconnoitre the ground, the bee alights upon the leaf which she
has selected, usually taking her station upon its edge, so that its
margin shall pass between her legs. She then cuts with her
mandibles, without intermission, in such a direction as to detach
from the leaf a triangular piece. When this hangs by the last
fibre, lest its weight should carry her to the ground, she spreads
her little wings for flight, and the very moment the connection of
the part thus cut off with the leaf is broken, she carries it off in
triumph to her nest, the detached portion remaining bent between
her legs in a direction perpendicular to her body. Thus, without
rule or compass, do these little creatures measure out the material
of their work into ovals, or circles, or other pieces of suitable
shapes, accurately accommodating the dimensions of the several
pieces of these figures to each other. What other architect could
carry impressed upon the tablet of his memory such details of the
edifice which he has to erect, and destitute of square or plumb-
‘ine, cut out his materials in their exact dimensions without

aking a single mistake or requiring e single subsequent correc-
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was, with a given quantity of wax, to construct a combination of
similar and equal cells of the greatest aggregate capacity, and sush
as to occupy the available space in the hive to the greatest possible
advantage. The form and magnitude of the cells must neces-
sarily have been adapted to those of the bee itself, because thess
cells are intended to be the nests in which the eggs are laid and
hatched, and the young bee raised to its state of maturity.

The body of the bee being oblong, and measuring about
six-tenths of an inch in length by two-tenths in diameter, cylin-
drical tubes of corresponding dimensions would have answered
the purpose; but such tubes could not be united together in
juxtaposition without either a great waste of wax or great defi-
ciency of strength, since, when placed in contiguity, they would
leave between them empty spaces of considerable magnitade,
which, if left unoceupied, would render the structure weak, and if
filled with wax, would have the double disadvantage of giving
needless and injurious weight to the comb, and involving the
waste of a quantity of a scarce and precious material, greater than
all that would be necessary to form the really useful part of the
comb.

61. From what has been explained it will be understood that, to
form a combination of tubular cells without interstices, the
choice of the bee was necessarily liniited to the three figures
already mentioned—the equilateral triangle, the square, and the
regular hexagon. The equilateral triangle would be attended
with the disadvantage of a great waste of both space and material;
for if its dimensions were sufficient to afford easy room to the
body of the bee, a large space would be wasted at each of the
angles, towards which the body of the bee could never approach.

A like disadvantage, though less in degree, would have attended
square tubes. The bee, therefore, with the instinet of an engineer,
decided on the third form, of the regular hexagon, which at once
fulfilled the conditions of a sufficiently near adaptation to the
form of its own body, and the advantage of such a combination
as would leave neither waste space nor loss of material.

62. In the structure of the comb there is still another point
worthy of attention. It might naturally have been expected
that it would be composed of a single layer of cells, one‘side pre-
senting the mouth, and the other the pyramidal base; but if this
had been the course adopted, the side consisting of the pyramidal
bases would be an extensive surface, upon which the industry of
the bee would have no occupation, and the space in the hive to
which such surface would be presented would, therefore, be so
much space wasted. Instead, therefore, of constructing the

comb of a single layer of cells, the bees judiciously make it of a
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appeared that the proper angles for the lozenges would be 70° 8¢/
for the acute, and consequently 109° 26' for the obtuse angle.
Hero' are then mJnxtapodhonthemultofthohbonnofﬂn
geomeferandthebee

—_— _

ACUTE ANGLE. |omn Awors,
Geometer . . . . . 70° 84/ 109° 26'
Be, . . . . . . : 70° 82’ 109° 28’

‘We leave the reader to enjoy the contemplation of these num-
bers without one word more of comment.

65, ¢ Besides the saving of wax effected by the form of the
cells, the bees adopt another economical plan suited to the same
end, They compose the bottoms and sides of wax of very great
tenuity, not thicker than a sheet of writing-paper ; but as walls of
this thickness at the entrance would be perpetually injured by the
ingress and egress of the workers, they prudently make the margin
at the opening of each cell three or four times thicker than the
walls, Dr. Barclay discovered that though of such excessive
tenuity, the sides and bottom of each cell are actually double, or
in other words, that each ocell is distinet, separate, and in some
measure an independent structure, agglutinated only to the
neighbouring cells; and that when the agglutinating substance
is destroyed, each cell may be entirely separated from the rest. .
This, however, has been denied by Mr. Waterhouse, and seems '
inconsistent with the account given by Huber, hereafter detailed;
but Mr. G. Newport asserts, that even the virgin-cells are lined
with a delicate membrane.” *

* Kirby, i. p. 412.
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abode from the time they issue from the egg until they attain
maturity, it follows that the capacity of the cells, or such of them as
arethus appropriated, must be subjeot to a corresponding difference.
The cells of the workers will therefore be less in magnitude than
those of the drones, and these last much less than the royal cells.
The comb therefore consists of different parts reticulated by
hexagons of different magnitudes, the smaller ones being the
mouths of the cells appropriated to the workers, and the larger
those of the cradles of the drones. As to the royal cells they differ
altogether from the others, not only in capacity, but also in position
and form. As already explained, the general forms of the cells
are hexagonal tubes, with pyramidal bases, and open mouths
ranged horizontally, their axes being at right angles to the flat
sides of the comb. The comb itself is placed vertically in the
hive, and the royal cells which are large and pear-shaped are
cemented to'its lower edges, hanging from it vertically like stalac-
tites from the roof of a cavern. Although there be but one queen
in each hive, she produces, nevertheless, three or four or more,
and sometimes even as many as thirty or forty royal eggs. The
princesses which issue from these, are destined to be the queens of
the successive swarms which the hive sends forth.

67. The cells which are appropriated exclusively to the storage
of haney and pollen, are similar in form and position to those
appropriated to the young drones and workers, but are greater in
length, and this length the bees vary according to the exigencies
of their store of provisions. If more of these result from their
labours than the cells constructed can contain, and there is not
time or space for the construction of more cells, they lengthen
the honey-cells already made by ccmenting a rim upon them.
They sometimes also use for storage, cells which have alreadybeen
occupied by young drones or workers, which, having attained their
state of maturity, have vacated them.

68, Having thus explained in general the forms and structures
of the cells, we shall briefly explain the operation by which the
bees construct them, and by their combination form the combs.

The material of the combs is waz, a substance secreted beneath
the ventral segments of the bodies of that class of the worker
which, from this circumstance, has received the name of wax-
makers, The apparatus by which the material which ultimately
acquires the character of wax is secreted, consists of four p&irs"f
membranous bags, called wax-pockets, which are situated at the
base of each segment of the body, one on each side, and which
in the natural condition of the body, are concealed by the 53"
ments overlapping each other. They can, however, be rend
visible by drawing out the body longitudinally, so that the pstt
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represented in this act in fig. 31. Having fixed a secure hold on
the lamina, it carries it by its feet from the abdomen to its moath,
where it is taken by one-of the fore-legs which holds it vertically
while the tongue rolled up serves for a support, and by raising
and depressing at will, causes the whole circumference to be
brought successively under the action of the mandibles (fig. 32),
go that the margin is soon ground into pieces. These pieces fall
gradually as they are detached in the double cavity of the
mandibles which are bordered with hair.

Fig. 31. Fig. 82

The mandibles or jaws which execute this process open ins
horizontal, instcad of a vertical, direction as in the case of the
superior animals, and have a form resembling that of a pairof
shears or scissors.

72. The fragments of the laminee thus divided falling on either
side of the mouth, and pressed together into a compact mass,
issue from it in the form of a very narrow ribbon. This ribbo
is then presented to the tongue by which it is impregnated with
a frothy liquor, which has the same effect upon it as water has
on potter’s earth in the formation of porcelain paste. That this
-process, by which the raw material of the wax is worked and
kneaded, is an extremely elaborate and artificial one, is rendered
apparent by observing carefully the manccuvres of the bee's tongue
in the process. Sometimes that organ assumes the form of 8
spatula, or apothecary’s knife, sometimes it takes the form of 8
mason’s trowel, and sometimes that of a pencil tapering to a point
never ceasing to work upon the ribbon which is being evolved
from the mouth in these several forms.

After the ribbon has been thus thoroughly impregnated with
moisture, and carefully kneaded, the tongue again pushes if
between the mandibles, but in a contrary direction to that in whith
it previously passed, when the whole is worked up anew.

The substance is now converted into true wax, the characteristit
properties of which it has acquired in this process. The material
evolved in lamine from the segments of the abdomen is brittle
and friable, and would be as unfit for the structure of the comb
as dry potter’s earth would be for the formation of a vase. The
liquid secreted from the mouth, with which it has been impreg-
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another. In the formation of such a structure, chance can have
no share. The original mass of wax is augmented by the labour
of the wax-makers in the exact quantity which is necessary; and
these wax-makers, who thus are constantly on the watch to
observe the progress of the comb, so as to keep the artificer-bees
constantly supplied with the necessary quantity of raw material,
are themselves utterly destitute of the art and science necessary to
construct the cells.

86. The bees never commence the construction of two contiguous
and parallel combs together, for the obvious reason, as it should
seem, that to make one parallel to and at a given distance from
another, the actual formation of one must be first accomplished to
a certain point. They therefore begin by the middle comb; and
when that has been constructed to a certain depth, measured from
the top of the hive, two other combs, parallel to it and at regu-
lated distances from it at either side, are commenced ; and when
these again are completed to a certain depth, two others outside
these are commenced, and so on. This order of proceeding is
attended with a further advantage by preventing the workers on
one comb from being inconveniently crowded or obtruded upon
by those of the adjacent combs.

87. The labour of the bees is conducted in common, but not
always simultaneously. Every partial operation is commenced
by one individual bee, who is succeeded in her labours by others,
each appearing to act individually in a direction depending on the
condition in which she finds the work when it falls into her hands.
The whole band of wax-makers, for example, is in complete
inaction until one of them goes forth to lay the foundation of a
comb. Immediately the labours of this one are succeeded and
seconded by the others, and, when their part is done, an individual
nurse-bee goes to lay out the plan of the first cell, and is in like
manner succeeded continuously by others.

88. ‘“The diameter of the cells intended for the larvee of the
workers is alway 22 lines, and that of those meant for the
larvee of the males or drones 3} lines. The male-cells are gene-
rally in the middle of the combs, or in their sides; rarely in
their upper part. They are never insulated, but form a corre-
sponding group on both sides the comb. When the bees form
male-cells below those of neuters, they construct many rows of
tntermediate ones, the diameter of which augments progressively
till it attains that of a male-cell; and they observe the same
method when they revert from the male-cells to those of workers.
It appears to be the disposition of the gueen which decides the
kind of cells that are to be made; while she lays the eggs of
workers, no male-cells are constructed ; but when she is shouk 4

’ A



THR BEE.

lay the eggs of males, the workers appear to know it, and ast
accordingly. When there is a very large harvest of honey, the
bees increase the diameter and even the length of their cells. At
this time many irregular combs may be scen with cells of twelve,
fifteen, and even eighteen lines in length. Sometimes, also, they
have occasion to shorten the cells. When they wish to lengthen an
old comb, the sides of which have acquired their full dimeRhsions,
they gradually diminish the thickness of its edges, gnawing down
the sides of the cells till it assumes the lenticular form ; they
then engraft a mass of wax round it, and so proceed with new
cells.” *

_ 89. The number of cells contained in the combs of a well-
stocked hive is considerable. In a hive twenty inches high and
fourteen inches diameter, they often amount to forty or fifty
thousand. A picce of comb, measuring fourtcen inches long and
seven inches wide, containing about 4000 cells, is frequently con-
structed in twenty-four hours.

90. Nothing can be more admirable than the tender solicitude
and foresight skown by the bee towards its offspring, Although
‘these insects provide a great number of cclls, as storehouses, for the
honey intended for the use of the community, yet the object which
more exclusively engrosses them is the eare of their young, to the
provision and rearing of which they sacrifice all personal and
selfish considerations, In a new swarm, accordingly, the first
care of these insects is to comstruct cradles for their young, and
the next, to provide an ample storc of a peculiar sort of pap,
called bee-bread, for their food. .

This bee-bread consists of the pollen of flowers, which the
workers at this time are incessantly employed in gathering, flying
from flower to flower, brushing from the stamens their yellow
treasure, which they collect in the little baskets with which their
hind-legs arc so admirably provided. They then hasten back to
the hive, where, having deposited the store thus collected, they
return to seck a new load.

Another troop of labourers are in constant attendance in the
hive to receive the stock of bee-bread thus collected, which they
carefully store up until such time as the queen has laid her eggs-
These eggs she places in an upright position in the bottoms of the
cells, where they are severally hatched.

91. The bee-bread is converted into a sort of pap, or whiﬁﬂ}l
Jelly, by being swallowed by the bee, in the stomach of which it 18
probably mixed with honey and then regurgitated.

The moment the young brood issue from the eggs in the state of
larve, they are diligently fed with this jelly by the elass of bees

* Kirby, i. 419.
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abandoned by the nurses to spin their cocoons, others issne from
the egg and demand the same maternal care ; so that these nurses
spend their whole existence in the discharge of the offices here
described.

94. Although the organisation of other species of the bee does
not approach to the perfection of the hive-bee here described, it is
nevertheless worthy of attention and study.

The humble-bees, which so far as respects their social poliey,
compared with the hive-bee, may be regarded as rude and un-
ocivilised rustics, exhibit neverthelcss marks of affection for their
young quite as strong as their more polished neighbours.

Unlike the queen of the hive, the females take a considerable
share in the education of the young. 'When one of these provident
mothers has constructed with great labour and much skill a com-
modious woven cell, she furnishes it with a store of pollen moist-
ened with honey, and, having deposited six or seven eggs init,
carefully closes the opening and all the interstices with wax ; buf
her maternal cares do not end here. By a strange instinot, pro-
bably necessary to restrain an undue increase of the population,
the workers, while she is laying her eggs, endeavour to seize
them, and, if they succeed, greedily devour them. Her utmost
vigilance and activity are scarcely sufticient to save them ; andit
is only after she has again and again repelled the murderons
intruders, and pursued them to the furthest verge of the nest,
that she succeeds in accomplishing her object; and even when she
has sealed up the cell containing them, she is obliged to continue
to guard it for six or eight hours; since otherwise the gluttonous
workers would break it open and devour the eggs. The mother is
conscious, however, by a heaven-inspired knowledge, of the time
when the eggs will cease to excite the appetites of the depredators.

After this the cells remain unmolested until the larva issues
from the eggs. The maternal cares having there ceased, the
workers, before so cager to devour the eggs, now assume the
character of nurses. They know the precise hour when the larve
will have consumed the stock of food, provided for them by
maternal care, and from that time to the period of their maturity
these nurses continually feed them with honey or pollen, introduced
in their proboscis through a small hole in”the cover of the cell
opened for the purpose, and then carefully closed.

95. These nursing-workers also perform another duty of a most
curious and interesting description. As the larva increases it
size, the cell, which has been appropriated to it, becomes too smlu
for its body, and in its exertions to obtain room it splits the this
woven walls which confine it. The workers, who are constantly
on the watch for this, lose no time in repairing the breach, which
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oould mere machines have thus provided for a case whichina
state of nature has probably never occurred to ten nests of humble-
bees sinoe the creation ? If in this instance these little animals
were not guided by a process of reasoning, what is the distinetion
between reason and instinot ? How could the most profound
architeot have better adapted the means to the end—how more
dexterously shored up a tottering edifice, until his beams and his
props were in readiness P *

99. The following remarkable example of the care bestowed by
the nurses in keeping the pupa warm, more especially during the
day which immediately precedes its exit from the cocoon as a
perfect insect—an epoch, when as it would seem it is more
especially necessary that it should be maintained at an elevated
temperature,—was supplied by Mr. Newport. That naturalist
observed that in the process of incubation, the humble-bee at that
particular stage increased considerably the force of its respiration.
To render the purpose of this intelligible to the reader not accus-
tomed to physiological enquiries, it may be necessary to state that
in the act of respiration the oxygen, which is onc of the constitu-
ents of the atmosphere, enters into combination with the carbon
and hydrogen, which compose part of the body of the animal.
Now this combination being identical with that which produoes
heat in a common coal fire or the flame of a lamp, the same
effect is produced in the animal economy from the same cause;
and henee it arises that the development of heat in the body is
always so much the greater, in proportion to the increased activity
of respiration.

100. To return to the hive-bee, it was observed by Mr. Newport
that in the early stage of the incubation of the pupa, the rate of
respiration of the inseet is very gradual, but becomes more and
more frequent as the epoch approaches at which it issues from the
cocoon; the number of respirations per minute then amounting
to 120 or 130. :

Mr. Newport states that he has seen a bee upon the combs con-
tinue perseveringly to respire at that rate for eight or ten hours,
until its temperature was greatly increased and its body bathed
in perspiration. When exhausted in this way it would retire
from its maternal duty and give place to another foster-mother,
who would proceed in the same way to impart warmth to the
pupa.

In one case Mr. Newport found that while the thermometer in
the external air stood at 70'2, it rose on the lips of these cells
which were not brooded upon at the moment, to 802, but when
Placed in contact with the bodies of the brooding bees, it rose
* Kirby, Int., i. 820.
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to 92-5. It appears therefore that by the voluntary increase of
their respiration they were enabled to impart to the nymph
enclosed in the cocoon 123 additional degrees of heat.*

101. In every well-filled hive the combs are ranged in parallel
planes, as shown in figs. 36, 37; and that no space may be lost,
while at the same time sufficient room is left for the movements
of the workers, the open spaces between the parallel combs leave
a width just sufficient to allow two bees easily to pass each other.
These open spaces are the streets of the apiarian city, the high-
ways along which the building materials are carried while the
combs are in process of construction, through which the supply of
provisions is carried to the stores, and food to the young, who are
being reared in the cells.

But since the nurses must tend the cells of all the combs, and
therefore pass successively and frequently from street to street,
they would be compelled to descend to the lower edge of the comb-
to arrive at an adjacent street, unless cross alleys were provided
at convenient points to abridge such journeys. The prudent
architects foresee this in laying out their city, and make such
passages, alleys, or arcades, by which the bees can pass from any
street to the adjacent parallel street, without going the long way
round.

102. On the return of spring, when the genial temperature of the
weather begins to produce its wonted effects on vegetation, and
when the vernal plants which the bees love begin to put forth
their foliage and flower, the busy population of the hive re-
commence their labours; and the queen, who has passed the
winter in repose, attended by her devoted subjects, and feeding
on the stores laid up by them during the previous season, com-
mences laying her great brood of eggs. At this epoch she is
much larger than at the cessation of her laying in the autumn.
Before she deposits an egg, she examines carefully the cell
destined for it, putting her head and shoulders into it, and
remaining there for some time, as if to assure herself that the
cradle of her offspring has been put in proper order. Having
satisfied herself of this, she withdraws her head, and introducing
the posterior extremity of her abdomen deposits a single egg upon
the pyramidal base of the cell, which adheres there in the manner
already described.

She then passes to another empty cell, where, after the same
precautions, she deposits another egg, and so continues, sometimes
committing to the cells two hundred eggs and upwards in the day.

103. In this operation, so essential to the maintenance of the
population, she is assiduously followed and most respectfully

* Philosophical Trans., 1837, p. 296. \
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grewn so as to touch the Jopposite angle of the cell, it coils i
up in the form of a circular arc, or as Swammerdam
it, like a dog going to sleep, It

] there in a whitish transparent fluid, p

a F&-40. vided for it by the nurses, om whik
probably feeds during this early stage

its life. Its dimensions are gradually

¥ig. 41. larged until its extremities touch one aw
ther, so as to form a complete ring, fig. 4,

in the base of the cell. In this state

-mg,,,,_gmbis fed with the pap or bee brel
already mentioned. The slightest mow-
ment on the part of the nursing bees i
Fig. 43. sufficient to attract its attention, and &
eagerly opens its little jaws to redeive
offered nourishment, the supply of whidh,
presented by the nurse, is liberal without being profase.

The growth of the larva is completed in from four to six dsy,
according to the temperature of the weather. In cool weather
the development takes two days more than in warm weather.

When it has attained its full growth, it ocoupies the whde
breadth and a great part of the lemgth of the cell. The nurses &

! this time knowing that the moment hss
Fig. 44. arrived at which the first metamor-

phosis, in which the grub is changed
into a nymph, takes place, discontinue
the supply of food, and close up the

mouth of the cell by a light brown

waxen cover, which is convex externally.
This convexity of the cover is greater in the drone cells than
in those of the workers. The covers of the honey cells are, on
the contrary, made paler in colour, and quite flat or even a little
concave externally.

When the larva has been thus enclosed, it immediately com-
mences, like the silk-worm, to spin a cocoon. In this labour it is
incessantly employed, lining the sides of its cell and encasing its
own body in a white silken robe. The threads which form this
mantle issue from the middle of the under lip of the nymph, as
the insect in this intermediate state between that of the grub and
the perfect bee is called. This thread consists of two filaments,
which, issuing from two adjoining orifices in the spinner, are then
gummed together.

106. The nymph of & worker spins its robe in thirty-six hours,
and after passing three days in this preperelory saie, N underymws
s0 great a change as tolose every vesuge ol ita previcus form. W
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and her royal breast is fired with agitation, nor does she rest until
she has engaged in mortal confliet with her rivals, and either puts
them to death or suffers death at their hands. .

120. When a hive, having lost its queen by emigration or other-
wise, is provided with several royal cells, which generally happens,
the first princess which issues from these in the perfect state im-
mediately ascends the throne in right of primogeniture, Although
her rivals are not yet in a condition to dispute the title, they,
nevertheless, excite her jealousy in the highest degree. Scarcely
ten minutes elapse from the moment she has attained the perfeet
state, and issued from the royal cell, when she goes in quest of the
other royal cells, assails with fury the first she encounters, and
having gnawed a large hole in it she introduces the posterior
extremity of her abdomen, and kills her rival with her sting.

121, A crowd of workers, who are passive spectators of this, ap-
proach the cell, and enlarging the breach, drag out the eorpse of the
murdered prinocess, who, in such cases, has already assumed the
perfect state. If the queen attack in like manner a ocell of which
the occupant is still in the state of nymph, she does not waste her
strength in slaying it, well knowing that its premature exposure
will do the work of death, The workers, in this case also enlarg-
ing the breach made by the queen, pull out the nymph, who
immediately perishes. -

122, Huber, who witncssed, and has desoribed all these curious
proceedings, being desirous to ascertain what would happen if two
rival queens, both jn the perfect state, found themselves together
in the same hive, produced artificially that contingency on ‘the
15th May, 1790, He managed to provide in the same hive
royal cells, in an equal stage of forwardness, so that virgit
queens issued from two of them almost at the same moment.

‘When they appeared in presence of each other they fell upon
each other with all the appearance of insatiable fury, and #
engaged one with the other, that each held in her mandibles the
antennm of the other. They were engaged breast to breast, snd
abdomen to abdomen, so that if each had put forth her sting
mutual death would have been the consequence. But as if naturé
had forbidden this mutual destruction, the combatants disengsged
themselves from each other’s grasp, and fled one from the other
with the greatest precipitation.

Huber says that this was not a mere incident which might havé
oocurred in a single case, but would not oocur in others, for he
repeated the same experiment frequently, and it was alwsy®
followed by the same result. It seemed, therefore, as though it
were & case foreseen by nature, and that ome omly of the
combatants should fall in such combats.
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a queen-mother regnant in case a stranger queen pregnant were
introduced into the hive. A mark having been previously made
upon the back of such a queen, so that she might be afterwards
identified, she was placed in the hive. Immediatély on her
appearance the workers collected in a crowd around her, and
formed as usual a circle of which she was the centre, the heads of
all the remaining crowd being directed towards her. This very
soon became so dense that she became an absolute prisoner
within it,

‘While this was going on, a similar ring was formed by another
group of workers round the queen regnant, so that she was
likewise for the moment a prisoner.

The two queens being thus in view of each other, if either
evinced a disposition to approach and attack the other, the two
rings were immediately opened, so as to give a free passage to the
combatants ; but the moment they showed a disposition to.fly
from each other, the rings were again closed, so as to retain them
in the spot they occupied.

At length the queen regnant resolved on the conflict, and the
surrounding crowd, seeming to be conscious of her decision,
immediately cleared a passage for her to the place where the
stranger stood perched on the comb. She threw herself with
fury on the latter, seized her by the root of the wing, and fixed

her against the comb so as to deprive her

Fig. 32. of all power of movement or resistance,

) and then bending her abdomen inflioted

a mortal stab with her sting, and put an
end to the intruder.

126. A fruitful queen full of eggs was
next placed upon one of the combs of a hive
over which a virgin queen already reigned.
She immediately began to drop her eggs,
but not in the cells; nor did the workers,
by a circle of whom she was closely surrounded, take charge of
them ; but, since no trace of them could be discovered, it is
probable that they were devoured.

The group, by which this intruding queen was surrounded,
having opened a way for her, she moved towards the edge of the
comb, where she found herself close to the place occupied by the
legitimate virgin queen. The moment they perceived each other,
they rushed together with ungovernable fury. The virgin,
mounting on the back of the intruder, stabbed her several times
in the abdomen, but failed to penetrate the scaly covering of the
segments. The combatants then, exhausted for the moment,
disengaged themselves and retired. After an interval of some
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until the entire hive becomes a scene of tumult. The wax-
makers abandon their work, the nurses desert the infant brood;
they run here and there in all directions through the streets and
passages of the hive as if in delirium. That all this disorder
and alarm is produced by the report spreading that the sovereign
has disappeared, was proved to demonstration by Huber, who
restored to the hive the queen he had purposely withdrawn.
- Her majesty was instantly recognised by those who happened to
be assembled at the place of her restoration ; but what is remark-
able is that the intelligence of her return was immediately spresd
through every part of the hive, so that the bees in its most remote
streets and alleys, who had no opportunity of personally seeing
her majesty, were informed of her re-appearance, as was
by the restoration of order and tranquillity, and the resumption
of their usual labours by all classes of the population.

129, If, instead of restoring to the hive the queen herself, a new
queen, stranger to the population, be introduced, she will not
at first be accepted. She will, on the contrary, be guarded and
imprisoned by a ring of bees, in the same manner as a strange
queen is treated in a hive which still retains its reigning sovereign.
But if she survives sixteen or eighteen hours in this confinement,
the guard around her gradually disperses itself, and the lady
enters the hive and assumes without further question the state
and dignity of queen, and becomes the object of the homage paid i

to the sovercign.

As we have already stated, the first work which the population
undertakes, after being assured of the loss of its queen, is direoted
to obtain a successor to her. If there be not royal cells prepared,
they set about their construction, While this work was in
progress, and in twenty-four hours after their queen had been
taken from them, Huber introduced into the hive a fruitful queen
in the prime of life, being cleven months old. Not less than
twelve royal cells had been already commenced and were in 8
forward state. The moment the strange queen was placed on
one of the combs, one of the most curious scenes commenced which
was probably ever witnessed in the animal world, and which hss
been described by Huber.

The bees who happened to be near the stranger approached her,
touched her with their antennes, passed their probosces over
all parts of her body, and presented her with honey. Then they
retired, giving place to others, who approached in their turm and
went through the same ceremony. All the bees who proeeeded
thus clapped their wings in retiring end ranged themselves in

circle round her, each, as it completed the ceremeny, wWdny ¢
Pposition behind those who had previousty offered Yo rewpeia, b
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suffer no individuals or class to continue to exist, save such as are
neoessary in one way or another to the well-being of the actual
community, or the continuance of the species. This principle
once admitted, we find explanations satisfactory enough of all the
circamstanoces attending the conduct of the queen regnant towards
the royal princesses, of the population generally to the several
members of the royal family, and, in fine, of the workers towards
the drones.

The royal family, as we have seen, are all fertile females, and
their sole funotion is to assume the throne of the hive itself, or
of the colonies called swarms, which successively issue from it,
and thus placed to become the fruitful mothers of thousands,
-which will continue the race and form future colonies.

The drones have no other function than that of kings consort
presumptive, either of the hive itself or of the colonies which
successively emigrate from it. As has been cxplained, one only
is chosen as consort by each queen. 8o long as the swarming
season continues, a sufficient body of drones are wanted to supply
the necessary troop of suitors to each emigrant princess. But
when the last swarm of the season has gone forth, and the queen
regnant has long since made her choice and celebrated her
nuptials, the drones are no longer useful to the general popula-
tion, and become the objects of a general massacre.

131. After the close of the winter, and at the commencement of
the first fine days of spring, the active life of the society recom-
mences. A well peopled hive is then always provided with 8
fertile queen, who has held the sovereignty since the close of -
the preceding season. In the months of April and May she begins
to lay drone eggs in great mumbers. This is called the grest
laying.

While she is thus engaged depositing her eggs in the larger
class of hexagonal cells, previously constructed for their reception,
the workers, well knowing that the deposition of royal eggs Wi
speedily follow, ocoupy themselves in constructing a number o
those cells of oval shape and vertical position, (fig. 49,) which
have been already described.
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To make this great laying of drone eggs, her majesty must be
at least eleven months old. Supposing that she has been hatched
the preceding season in February, she will lay during that sea-
son workers’ eggs almost exclusively, producing at the most from
fifty to sixty drone eggs. But after the winter, at the epoch
now referred to, the hive being then filled exclusively with
workers, and standing in absolute need of drones to supply
suitors to the future queens, she produces drone eggs constantly
and exclusively until the commencément of the swarming season,
with the exoception, however, of a limited number of royal eggs,
which she deposits at intervals more or less distant in the royal
cells just now mentioned, which the workers occupy themselves
in constructing during the great laying.

The great laying usually continues for about a month, and it
is about the twentieth or twenty-first day that the workers begin
to lay the foundations of the royal cells. They generally build
from sixteen to twenty of them, and sometimes even as many as
twenty-seven. When these cells have attained the depth of two-
tenths to three-tenths of an inch, the queen deposits in each of
them successively a royal egg. Now since the princesses which
are to issuc from these eggs are destined to ascend the thrones of
the emigrant colonies, which are to issue in succession from the
hive, it is important that they should arrive at maturity at suc-
ocessive intervals, corresponding as nearly as possible with the
emigration of the swarms.

The queen acts as if she were conscious of this, for she
deposits the royal eggs, not like the drone or worker eggs in rapid
and uninterrupted succession, but after such intervals as will
insure their arrival at maturity in that slow succession, which
will correspond ncarly or exactly with the issue of the successive
swarms,

132. It has been already explained that the nurses seal up the
cells, at the time at which the grub is ready to undergo its meta-
morphosis into & nymph. In accordance with this, and with the
successive deposition of the royal eggs, just described, the times of
sealing up the series of royal cells are separated by intervals
corresponding with those of the deposition of the royal eggs.

Before the commencement of the great laying, the abdomen of
the queen is so enlarged that her movements are seriously impeded,
and she would be altogether unable to fly. According as the
laying procecds, she becomes smaller and smaller, and when it
has been completed, the royal eggs having been meanwhile depo-
sited at regulated intervals, as above described, her majesty

recovers her natural form and dimensions, and Wt thera her fail

bodily activity. This change in the condition of te gpess, s
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original swarm, and is attended with ciroumstances precisely
similar.

135. Let us now return to the original hive and see what took
place there after the departure and abdication of the reigning
queen.

As examples proving the loyalty and fidelity of the bees to their
queen, Dr. Bevan quotes some remarkable and interesting cases
supplied by Dr. Warder. That apiarist being desirous of ascer-
taining the extent of the loyal feeling among these little people,
hazarded the loss of a swarm in an experiment made with that
object. Having shaken on the grass all the bees from a hive
which they had tenanted only the preceding day, he carefully
sought for and quietly caught the queen. Then placing her with
a few attendants in a box, he took her into his parlour, where the
lid being removed, she and her attendants immediately flew to
the window, when he clipped off one of her wings, returned her
to the box and confined her there for more than an hour.

In less than a quarter of an hour the swarm ascertained the
loss of their queen, and instead of clustering together in & single
mass as usual, like a bunch of grapes, they spread themselves
over a space of several feet, were much agitated, and uttered s
plaintive sound. An hour afterwards they all took flight and
settled upon the hedge where they had first alighted after leaving
the parent stock, but instead of clustering together in a single
bunch, as when the queen accompanied them, and as swarms
usually hang, they extended themselves thirty feet along the
hedge in small bunches of forty or fifty or more.

The queen was now presented to them, when they quickly
gathered round her with a joyful hum, and formed one harmonious
cluster. At night the Doctor hived them again, and on the next
morning repeated the experiment to see whether the bees would
rise. The queen being in a mutilated state, and unable to accom-
pany them, they surrounded her for several hours apparently
willing to die with her rather than abandon her in her distress.
The queen was a second time removed, when they spread them-
selves out again, as though in search of her. Her repeated
restoration to them at different parts of their circle produced one
uniform result, and these poor loving and loyal creatures always
marched and counter-marched every way as the queen was laid.
The Doctor persevered in these experiments, till, after five days
and nights of voluntary fasting, they all died of inanition exoept
the queen, and she survived her faithful subjects only a few
hours.

This remarkable attachment between queen and subjects appears
%o be reciprocal, the sovereign being as strongly sensible of it as
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in a well-peopled hive, until the population is so reduced that the
number necessary to form a sufficient guard upon the royal cells
can no longer be spared from the general industry of the hive.
Several princesses then escape from the cells, nearly at the same
time, who fall upon each other in the manner already described,
being now encouraged instead of being opposed by the workers.
In fine, all but one fall in those combats, and this fortunate
survivor, who is in general the eldest of the princesses remaining
in the hive, ascends the throne, and is acknowledged by the whale
community.

According to Huber, swarms issue from the hive only in sun-
shine and a calm atmosphere. After all the precursors of &
swarm have appeared, a passing cloud often arrests it, and the
intention of the bees seems to be abandoned. An hour later the
appearance of the bright sun will reproduce all the usual move~
ments, and the swarm will issue.

Mu.ny conjecturcs are made as to the means by which the
workers know so well, as they undoubtedly do, the relative ages
of the several princesses, so as to liberate them according to
seniority. Huber conjectures that a peculiar sound, which they
produce before their liberation from the cells, and which he
thought varied in loudness and pitch, might be the distinguishing
character of relative age.

140. A contingenocy arises occasionally in the bee community,
which we have not yet noticed, and which is attended with conse~
quences of a very curious and interesting nature. It was dis~
covered by Schirach, and confirmed by numerous and long continued
observations of Huber, that when by any cause a colony loses its
quecn, without having any royal cells or royal eggs previously
provided, they are enabled by certain extraordinary processes and
expedients to produce prmcesses, among whom they may obtain &
successor to their last sovereign.

M. Schirach, Seccretary of an Apiarian society, at Little
Bautzen in upper Lusatia, observed that bees, when shut up with
a portion of comb containing worker brood only, would soon con-
struct royal cells, into which they would put worker eggs, the
grubs from which, being nourished with royal jelly, would grow
up as queens. This remarkable result is known among apiculturers
as the Lusatian experiment. This experiment has since been
repeated thousands of times, and always with the same results by
all the most eminent naturalists who have directed their
researches to this part of entomology, and indeed generally by
all bee cultivators. So that of the fact itself, strange and
incredible as it may seem, there is mot the faintest shadow of
doubt,
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The following is the process by which this miracle of nature is.
performed.

Having chosen a worker grub, from one to three days old, the
workers pull down two of the cells adjacent to that in w]noh the
chosen grub lies. They pull down the walls which separate.
these three chambers, so as to throw them into one three times
more spacious than the single cell of the grub. Leaving the
pyramidal bases of these three cells untouched, they construct
around the grub a large oylindrical tube, which is consequently
included within the remaining walls of the three demolished cells,
the axis of the tube being parallel to that of the cells, and there-
fore horizontal.

It seems, however, that to accomplish the desired change on
the nature of the grub, it is not only necessary to give it an
enlarged cell, but one of which the axis is vertical instead of
being horizontal. On the third day, therefore, from the com-
mencement of their operations, they take measures to cement to
the horizontal tube a vertical chamber having a conical form,
making with the horizontal tube an elbow. To accomplish this
they gnaw away several cells below the end of the tube, sacrificing
without mercy the grubs which occupy these, as well as those
which occupied the two cells adjacent to the original cell of the
chosen grub.

- This rectangular cell, therefore, composed of the original
cylindrical, and the more recently constructed conical cell, may
be considered as having some such form as here roughly sketched,

A B
[
I D \
B ¥

Fig. 53.

(fig. 53,) where ABcD is the horizontal cylindrical part formerly

filled by three worker hexagonal cells, and B ¥ ED, the vertical

oonical part, subsequently cemented to it, and built with the wax
obtained from the demolition of the worker cells under ABCD.

During two days which the grub inhabits this vertical cell,

BF DE, a nurse may always be observed with its head plunged
h3Y
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into it, and when one quits it another takes its place, thus
relieving each other with all the regularity of military sentinels,
These bees keep constantly lenthening the cell, B» D, as the
grub grows older, and duly supply it with food, which they place
before its mouth and round its body. The animal, which can
only move in a spiral direction, keeps turning to take the jelly
deposited before it, and thus slowly working downwards, arrives
insensibly nearer the orifice of the oell, just at the time that i
is ready to be metamorphosed into & nymph. At this moment,
the workers, conscious of the impending change, seal up the
mouth E Fof the cell, and cease their attentions, leaving nature
to effect the last transformation,

One of these cellsis shown at d, in fig. 49.

That the mere change in the quality of the food, combined with
the increased capacity and altered form of the cradle, should be
the means of producing a transformation, so exfreme as that from
a worker to a queen, must be a matter of profound astonishment
to every reflecting mind ; so much so indeed, that without the
most incontestable evidence, and the power moreover of repro-
duocing the phenomenon at will, it could not be credited. Let
any one imagine how such an assertion as this, that the foal of
an ass by a particular sort of provender, and by being reared in
a stable of particular magnitude and form, could be made to grow
into a through bred horse, would be received. Yet, such a trans-
formation produced by such means would not be one whit more
wonderful than the change of a worker grub into a queen-bee,
by the means just stated. ¢ What!” says Kirby, addressing his
correspondent, *‘ you will ask, can a larger and warmer house,
a different and more pungent food, and a vertical instead of an
horizontal posture, give a bee a different-shaped tongue and
mandibles ; render the surface of its under-legs flat instead of
concave ; deprive them of the fringe of hairs that forms the basket
for carrying the masses of pollen,—of the auriole and pecten which
enable the workers to use these legs or feet as pincers,—of the brush
that lines the insides of the feet ? Can they lengthen its abdomen;
alter its colour and clothing; give a curvature to its sting;
deprive it of its wax pockets; and of the vessels for secreting that
substance ; and render its ovaries more conspicuous and capable
of yielding worker and drone eggs ? ”’

In the next place, can the apparently trivial circumstances just
mentioned alter altogether the instincts of these creatures? Can
they give to one description of animals address and industry, and
to the other astonishing fecundity ? Can we conceive them to
change their very passions, tempers, and manners ? That the
very same footus, if fed with more pungent food, in a higher
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temperature, and in a vertical position, shall become a female,
destined to enjoy love, to burn with jealousy and-anger, to be
incited to vengeance, and to pass her time without labour—that
this very same foetus, if fed with more simple food, in a lower
temperature, in a more confined and horizontal habitation, shall
come forth a worker, zealous for the good of the community, a
defender of the public rights, enjoying an immunity from the
stimulus of sexual appetite and the pains of parturition—laborious,
industrious, patient, ingenious, skilful,—incessantly engaged in
the nurture of the young, in collecting honey and pollen; in
elaborating wax ; in constructing cells, and the like ; paying the
most respectful and assiduous attention to objects which, had
its ovaries been developed, it would have hated and pursued
with the most vindictive fury until it had destroyed them!
Further, that these factitious queens, thus produced from worker
eggs treated as above desoribed, shall differ remarkably from the
natural queens proceeding from royal eggs in being altogether
mute! All this must seem so improbable, and next to impossible,
that it would require the strongest and most irrefragable evidence
to establish it.*

141, It will be remembered that the princesses, when forcibly
confined to their native cells by the workers on guard over them,
after they have undergone the last transformation, utter a peculiar
sound, to the varieties of which Huber ascribes the power of the
workers to determine their relative ages. Kirby in the observa-
tions just quoted, refers to this, when he indicates one of the
distinctions between the factitious and natural queens, the former
never uttering these or any other sounds.

142. Another remarkable distinction between the factitious and
natural queens is indicated by Huber ; no guard is kept at the
doors of the cells of factitious princesses, like that which has been
already described in the case of the cells of natural princesses.
The factitious princesses, unlike the natural, are not detained in
their cells after they have undergone the last transformation, but
are allowed to issue forth, if they have not been already destroyed

the jealous rage of the first which comes to life.

This peculiarity in the policy of the hive may be explained by
the fact, that while the natural princesses are wanted to take the
sovereignties of the successive swarms, the factitious ones are only
produced to meet the extraordinary emergency of the hive being
deprived of its queen, leaving behind her no royal brood, and
since only one queen is wanted, the factitious princesses are
allowed, and indeed encouraged, by the workers to engage in

* Kirby, Int., vol. ii. 110. -
’ g}



THE BEE.

martial conflict until one only survives, who assumes the throne
of the hive.

143. The circumstances and anecdotes related by observers
illustrative of the affection, devotion, and respect manifested
towards the queen by her subjects are innumerable. In addition
to those which we have already given, the following will be
read with interest.

All the devotion, it must be observed, commences only after the
royal nuptials. A virgin queen is treated with indifference the
most absolute. But after her marriage has been celebrated, and
she presents herself to her subjects in the double ‘character of
sovereign and mother, they more than respect her. ¢ They are,”
says Reaumur,* ¢ constantly on the watch to make themselves
useful to her, and to render her every kind office. They are for
ever oftering her honey. They lick her with their proboscis, and
wherever she goes she has a court to attend her.”

144. The same naturalist relates that even the inanimate body of
the queen is an object of tenderness and affection to the bees. He
took one out of the water quite motionless and seemingly dead.
It was also mutilated, having lost part of one of its legs. Bring-
ing it home, he placed it among some workers that he had found
in the same situation, most of which he had recovered by means
of warmth, some, however, being still in as bad a state as the
poor queen. No sooner did these revived workers perceive the
latter in this wretched condition than they appeared to compas-
sionate her case, and did not cease to lick her with their tonguestill
she showed signs of returning animation ; which the bees no sooner-
perceived than they set up a general hum as if for joy at the
happy event. All this time they paid no attention to the workers,
who were in a most miserable condition.t

145. In the economy of the bee, there is nothing which presents.
more difficulty to the naturalist than the satisfactory explanation
of the functions of the drones. These, as has been already ex-
plained, are the sole male members of the society ; the queen
being the sole fertile female; and the workers, though female,
exercising none of the functions of that sex, and being limited to
the industrial and parental duties of the society. The number of
drones in a single society is from 1500 to 2000, one only of whom
can enjoy the honour of elevation to the distinguished position of
king consort, and that one, as already explained, never surviving
the day of the nuptials. What then, it may well be asked, are
the services rcndered to the community by these hundreds of con-
sumers of the products of the industry of the society? They never
themselves take part in the common labours. They neither

* Reaumur, v. 2062. + Reaumur, v, 265.
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as if the workers did not feel sufficiently certain of their fate,
they continued to pierce their bodies with their stings, and often
drove these formidable weapons in so deep that they could
only extricate them by unsorewing them in the manner already
described (126).

The next day they resumed their observations, when a most
curious spectacle presented itself. During three hours they saw
the massacre of drones, which had been resumed with the same
fury, continued. On the preceding day they had exterminated
all the drones of their own hives; but this time their attack was
directed against those of neighbouring hives, which, having fled,
had taken refuge in these, after the massacre of the preceding day
had been concluded.

Not content with this complete extermination of the drones
themselves, the workers resorted to the cells in which drone
nymphs were contained, which had not yet completed their final
transformation. These they pitilessly dragged forth, killed,
sucked the juices contained in their bodics, and then flung the
ocarcasses out of the hives.

148, It was also ascertained by Huber, that in hives deprived of
their queen, or in which the queen, by reason of retarded fecunda-
tion, only laid drone eggs, no massacre ever took place. In such
hives the drones not only find a sure refuge, but are carefully
nurtured and fed. :

This eircumstance, combined with the fact that the massacre
never takes place until after the swarming season is over, seemsto
indicate the functions of the drones. They are useful only where
candidates for the royal nuptials are likely to be wanted.

149. The most interesting class of the bee community is also that
which is by far the most numerous, the workers. Indeed, to this
olass all others must be regarded as subordinate, just as in human
societies all are dependent on the producing classes. Much
respecting their character, habits, and manners, in relation to
the care of their young, and the construction of the city, in 8
word in respect to their internal labours, has been already
cxplained. Something now must be said of their external
industry, directed to the collection of provisions for the com-
munity, young and old, and of the materials necessary for the
prosecution of all their various works, labours which have been
illustrated by Professor Smyth in the following beautiful lines:—

¢ Thou cheerful bee ! come, freely come,
And travel round my woodbine bower ;
Delight me with thy wandering hum,
And rouse me from my musing hour.
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segments. On these the plates of wax are formed, and are found
upon them in different states so as to be more or less peroceptible.

151, Observe a bee, says Kirby, that has alighted on e flower,
The hum produced by the motions of her wings ceases,
and her work begins. In an instant she unfolds her tongue,
which was previously rolled up under her head. With what
rapidity does she dart this organ between the petals and the
staminal At one time she extends it to its full length, then she
contracts it; she moves it about in all directions, so that it may
be applied to the concave and convex surface of the petal, and
sweep them both, and thus by a virtuous theft, she robs it of all
its nectar. All the while this is going on, she keeps herself in s
state of constant vibratory motion.

Flowers, though the chief, are not the only sources from which
the bee derives the material of honey and wax. She will also eal
sugar in every form, treacle, the juice secreted by aphides’; and,
in fine, the juice of the bodies of nymphs and of eggs of bees
themselves, as already explained.

152. When the industrious little creature has filled its honey-
bag with nectar, it proceeds to collect the pollen, of which it
robs the flowers by brushing it off with the feathery hairs with
which its body is covered. As the honey is called the NECTAR, 80
this pollen, or the substance bee-bread, into which it is converted,
may be called the AMBROSIA of the hive. Together they con-
stitute the food and the drink of the population.

‘When the bee has so rolled itself in this farina of the blossoms
of the garden and the field, that its whole body is so powdered
with it, as to give it the peculiar colour of the species of flowers
to which it happens to resort, it suspends its excursions, and sets
about to brush its body with its legs, which, as already explained, are
supplied with brushes for this express purpose. Every particle of
the flower thus brushed off is most carefully collected and kneaded
up into two little masses, which are transferred from the fore to
the hind legs, and there packed up into the baskets provided for
its reception and transportation.

Naturalists generally are of opinion that in each of its excur-
sions a bee confines its foraging operations to a single species
of flower. This explains the fact that the colour of their load
after such excursions is uniform, depending on the particulsr
species of flower which they have robbed of its sweets. Thus,
according to Reaumur, some bees are observed to return loaded
with red pellets on their thighs, others with yellow, others
whitish, and others with green. '

Kirby observes, that it seems probaXie ek the e evnfines its
operations in such excursions to flowers of the teme wpedes, s
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156. When more pollen has been collected than the society wants
for present use, it is stored up in some of the unoccupied cells. The
bee, laden with it, puts her two hind legs into the cell, and with
the intermediate pair pushes off the pellets, When this is done
she, or another bee if she be too much fatigned, emters the cell
head-foremost and remains there for some time, during which she
is occupied in diluting, kneading, and packing the bee-bread ; and
so they proceed one after another, until the cell has been well
packed and filled with the store of provisions. In some combss
large portion of the cells is filled with this ambrosia, in others,
cells containing it are intermixed with those filled with honey or
with bread. Itis thus everywhere at hand for use.*

The propolis, the third object of bee industry, is collected from
various trees, and especially from certain species of the poplar.
It is soft and red, will allow of being drawn out into a thread, is
aromatic, and imparts a gold-colour to white polished metals. It
is employed in the hive, as already stated, not only in finishing
the combs, but also in stopping up every chink and orifice by
which cold, wet, or any enemy could enter. They coat with it the
chief part of the inner surface of the hive, including that of the
sticks placed there for the support of the comb, It is carried by
the bees in the same manner as is the pollen on the hind legs.

157. The radius around their habitation, within which the bee
industry is confined, is differently estimated, being according te
some a mile, and according to others extending to a mile and s
half. Various experiments prove that it is by their seent that
the bees are guided to the localities where their favourite flowers
abound.

* Kirby, Int., ii. 151,
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by a rudder and compass, governed by the hand of the most coxn—

summate navigator. By what means this is accomplished has-
never been explained, but connected with it is an account given:
in the ¢ Philosophical Transactions”” which we cannot refrain from
quoting here. ‘‘In New England a species of wild hive-bees
abounded in the forests about the year 1720. The following was.
the method practised for discovering their nests and obtaining
their honey. The honey-hunters set a plate containing honey or
sugar, upon the ground on a clear day. The bees soon discovered
and attacked it. Having captured two or three who had thuw
gorged themselves, the hunter liberated one of them and marked
the direetion in which it flew. He then changed his position,
walking in a direction at right angles to the course of the bee to
a distance of a few hundred feet, where he liberated anotherof
his little captives, and noted as before the direction of its flight.
The point where the twodirections thus obtained, intersected, was
of course that to which both bees had directed their course, and
there the nest was always found.”

159. The industry of the bee may be estimated by the average
number of its daily excursions from the hive to collect provisions.
According to Reaumur, if the total number of excursions be
divided by the total number of bees in a hive, the average number
daily made by cach bee would be from five to six. But as one-
half of the bees are occupied exclusively with the domestic busi-
ness of the society, either in nursing and tending the young,
packing and storing the provisions, or constructing the combs,
the total number of excursions must be divided, not between the
whole, but between only half the total number of bees, which
would give ten excursions to each individual of the collecting
class; and if the average length of each excursion be taken at

three quarters of a mile, this would give the average distance
travelled by each collector as fifteen miles! It is estimated by
Kirby that the quantity of ponderable matter thus transported
during a season in a single hive would bo about 100 1bs, ¢¢ What
a wonderful idea does this give of the industry and activity of
those useful little creatures! and what a lesson do they read fo
the members of societies, that have both reason and religion t»
guide their exertions for the common good! Adorable is thst
Great Being who has gifted them with instinets which render
them as instructive to us, if we will condescend to listen to them,
as they are profitable.” *

160. The plants and flowers which form the pasturage of the
bees are, in many countries, produced at different places at different
seasons of the year; and where the bees in « perticaler neigh-

* Kirby, Int., ¥ 156,
82
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bourhood are numerous, the pasturage surrounding their hives
often becomes exhausted. In such cases the agriculturists trans-
Wrt the bees from localities which they have exhausted, to others
I & state of comparative abundance, just as the shepherd drives
bis sheep from field to field, according as the pasturage is eaten
d_"Wn. In Egypt, towards the end of October, when the inunda-
tions of the Nile have ceased, and the husbandmen can sow the
d, saintfoin is one of the first things sown; and as Upper is
Warmer than Lower Egypt, the saintfoin gets there first into
flower. At this time bee-hives are transported in boats from all
parts of Egypt into the upper district, and are there heaped in
Ppyramids upon the boats prepared to receive them, each being
marked with a number which indicates its owner. In this station
they remain for some days, and when it is considered that they
have pretty well exhausted the surrounding fields of their sweets,
they are removed a few leagues lower down, where they are .
retained for a like interval; and so they descend the river, until
towards the middle of February they arrive at its mouth, where
they are distributed aniong their respective proprietors.*

A similar practice prevails in various parts of the East and
in Greece. The inhabitants of the towns are often the proprietors
of fifty or sixty hives, the product of which forms an article of
their trade. The hives are sent in the season when the herbage
is in flower to the various rural districts, being sealed up by the
owner, the small bee-door only being open, and are given in
charge to the villagers, who at the close of the season are paid for
their care of them. Ranges, consisting of five or six hundred
hives, are often seen thus put out to grass.+

161. Bees are remarkable for neatness and cleanliness, both as to
their habitations and their persons. They remove all dirt and
nuisances from their hive, with the regularity of the neatest
housewives. When their strength is insufficient for this, they
contrive various ingenious expedients to abate the nuisance. If
snails find their way into the hive, as they sometimes do, they
kill them with their stings ; and in order to prevent noisome and
unwholesome effluvia from their decomposing remains, they
embalm them with propolis. If the snail is protected from their
stings by its shell, they bury it alive in a mass of propolis.

‘When pressed by natural wants, they do not defile their habita-
tion by relieving themselves in it, but go abroad for the purpose.

‘When a young bee issues from the cell, a worker immediately
approaches, and, taking out its envelope, carries it out of the
hive ; another removes the exuvie of the larva, and a third any

* Reaumur, v. 698,
+ Willock, in *¢Gardeners’ Chronicle, 1841, p. 34.
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filth or ordure that may remain, or any pieces of wax that may
have fallen in when the young bee broke through its cocoon. But
they never attempt to remove the silk lining of the cell spun by
the larva in its first transformation, because that, instead of being
a nuisance, gives increased solidity and ornament to the cell.

162. Notwithstanding the amiable character and exoellent poli-
tical organisation of the bees, these little people have numerous
enemies, with some of whom they are often compelled to wage
offensive wars, and against others to fortify themselves, by expe-
dients and with skill, which will bear comparison with the opers-
tions of the most consummate military engincers. Sebastopol itsell
was not more ingeniously defended by its outworks than, in certain
cases, bee-hives are.

From the curious account which Latreille has given us of
Philanthus aviporus, a wasp-like insect, it appears that great havos
is made by it of the unsuspeoting workers, which it seizes whils
intent upon their daily labours, and carries off to feed its young.

163. Another insect, which one would not have suspected of
marauding propensities, must here be introduced. Kuhn informs

' us, that long ago (in 1799) some monks who kept bees, observing
that they made an unusual noise, lifted up the hive, when an
animal flew out, which, to their great surprise, no doubt, for they
at first took it for a bat, proved to be the death’s-head hawk-moth
(Acherontia atropos), already celebrated as the innocent cause of
alarm; and he remembers that several, some years before, had been
found dead in the bee-houses. M. Huber also, in 1804, discovered
that it had made its way into his hives and those of his vieinity,
and had robbed them of their honey. In Africa, we are told, it
has the same propensity; which the Hottentots observing, it
order to monopolise the honey of the wild becs, have persuaded
the colonists that it inflicts a mortal wound.

This moth has the faculty of emitting a remarkable sound,
which he supposes may produce an effect upon the bees of a hive,
somewhat similar to that caused by the voice of their queen,
which as soon as uttered strikes them motionless, and thus it may
be enabled to commit with impunity such devastation in the midst
of myriads of armed bands.

The larva of two species of moth (Galleria cereana and Mello-
nella) exhibit equal hardihood with equal impunity. They,
indeed, pass the whole of their initiatory state in the midst of
combs. Yet, in spite of the sting of the bees of a whole republic,
they continue their depredations unmolested, sheltering themselves
in tubes made of grains of wax, and lined with silken tapestry,
spun and woven by themselves, which the bees (however disposed
they may be to revenge the mischief which they do to them, by
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devouring what to all other animals would be indigestible—their
Wax) are unable to penetrate. These larvee are sometimes so
MNamerons in a hive, and commit such extensive ravages, as to
force the poor bees to desert it and seek another habitation.” *

- 164, Huber gives the following most interesting account of
the measures taken by his bees, to fortify themselves against the
Incursions of the death’s-head moth.

When he found his hives attacked and their store of honey
pillaged by. these depredators, he contracted the opening left for
the exit and entrance of the bees to such an extent, as while it
allowed them free ingress and egress, it was so small that their
plunderers could not pass through it. This was found to be per-
fectly effectual, and all pillage was thenceforward discontinued
in the hives thus protected.

165. But it happened that in some of the hives this precaution
was not adopted, and here the most wonderful procceding on the
part of the bees took place. Human contrivance was brought into
immediate juxtaposition with apiarian ingenuity.

The bees of the undefended hives raised a wall across the gate
of their city, consisting of a stiff cement made of wax and propolis
mixed in a certain proportion. This wall, sometimes. carried
directly across and sometimes a little behind the door, first com-
pletely closed up the entrance; but they pierced in it some
openings just large enough to allow two bees to pass each other in
their exits and entrances.

The little engineers did not follow one invariable plan in these
defensive works, but modified them according to circumstances.
In some cases a single wall, having small wickets worked through
it at certain points, was constructed. In others several walls were
erected one within the other, placed parallel to each other, with
trenches between them wide enough to allow two bees to pass
each other. In each of these parallel walls several openings or
wickets were pierced, but so placed as not to correspond in posi-
tion, so that in entering a bee would have to follow a zigzag
course in passing from wicket to wicket. In some cases these
walls or curtains were wreught into a series of arcades, but so
that the intervening columns of one corresponded to the arcades of
the other.

The bees never constructed these works of defence without
urgent necessity. Thus, in seasons or in localities where the

death’s-head moth did not prevail, no such expedients were
resorted to. Nor were they used against enemies which =
open to attack by their sting. The bee, therefore, unden

* Kirby, vol. i. p. 130.
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not merely the art of offensive war, and can play the part of the
common soldier, but is also a consummate military engineer;
and it is not against the death’s-head moth alone that it shows
itself capable of erecting such defences.

166. Thinly peopled hives are sometimes attacked by the popu-
lation of other bee cities. In such cases, incapable of immediate
defence by reason of their inferior numbers, they erect similar
fortifications, but in this case they make the wickets in the walls
so small that a single worker only can pass through them; and a
small number stationed on the inside of these openings, are accord-
ingly sufficient to defend the hive against the attack of large
besieging armies.

167. But when the season for swarming arrived, these works of
defence, whether constructed against the invasion of the moth or
hostile bees, became an impracticable obstruction to the exit of
the succession of emigrating colonies, and were therefore demo-
lished, and were not reconstructed without pressing necessity.
Thus the works constructed in 1804 against the invasions of the
moth were taken down in the swarming season of 1805; and as
the plunderers did not re-appear in that year, they were not re-
erected. But in the autumn of 1807, the moths appearing in
great numbers, the bees immediately erected strong barricades,
and thus cffectually prevented the disaster with which their
population was menaced. In the next swarming season, in May
1808, these works were again demolished.

It ought to be observed, that whenover the door of the hive
is itself too small to admit the moth, the bees erect no defences
against it.* :

168. One of the most interesting and, at the same time, most
difficult question connected with the faculties of insects, is that of
the number and nature of their senses. It has been often and truly
said, that no being, however intelligent, can form even the most
obsoure notion of a sense of which he is himself deprived. The
man deprived of sight, to whom the colour scarlet was elaborately
described, said that his notion of it was that of the sound of &
trumpet. Granting then the possibility that insects may be
endowed with a peculiar sense, or mode of perception, of which
we are destitute, we are in no condition to form a conception
of the power or impressions of such a sense, any more than the
blind man was who attempted to acquire a conception of a red
colour.

But without supposing the possible existence of peculiar senses
independent of the five with which we are endowed, it may be
that the very organs which we possess may be given with an infi-

* Huber, ii. 203—208.
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and cold, commencing their excursions before sunrise, and con-
tinuing their work much later than their customary hours. But
when the flowers rich in pollen and nectar prevail in less abund-
ance, and when the scythe has swept away the flowers which
enamelled the fields, even the brightest sunshine and the warmest
days fail to attract the industrious population to go abroad.

170, Of all the senses of the bee, that of smell appears to be the
most acute. Certain odours bave an irresistible attraction for
the insect, while others are in the same degree repugnant to it.
Of the former, as might naturally be expected, honey is by far
the most exciting. It was supposed by Huber, not without much
probability, that the bee is attracted to this or that flower, not
by its colour, form, or other visible properties, but by the odour
of the nectar it contains. To test this experimentally, Huber put
some honey in a box, so as to be invisible from the outside, and
placing it in the neighbourhood of his hives, found that the bees
erowded round it in a few minutes, finding their way to the honey
through a small hole left for the purpose.

171. He next made several small entrance holes in & box con-
taining honey, but covered each hole with a sort of card valve, such
that it would be possible for a bee to raise it and enter the box.
The box thus prepared was placed at two hundred yards from the
hives. In half an hour the bees found it, crowded in great
numbers on every side of it, examining carefully every part, as
if to seek for an entrance. At length, finding the valves, they
set to work at them, and never ceased until they succeeded in
raising them, when they entered and took possession of the spoil.

How exquisitely acute must be their olfactory organs will be
apparent, when it is considered that, in this case, the box and
valves must have confined very nearly the whole efluvia of the
honey.

172. The following remarkable proof of the tenacity of memory
with which the bee is endowed, is given by Huber. A supply of
honey had been placed in autumn upon an open window. The
bees had the habit of coming to feast upon it. This honey being
removed, the window was closed, and remained closed during the
winter. In the following spring the bees again found their way
to the same window, expecting again to find a supply there,
although none had been placed there. It is evident in this case,
that the insect must have been guided by its memory alone, and
that it was capable of retaining a recollection of places and cir-
cumstances for several months.

173. Huber made several curicus and interesting experiments to
determine the seat of the sense of smell, 1§, on was nekudl '
expect, it were situate in some of the appendages ot the mudh,
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hand, It happened that this gentleman was attacked with a
violent and malignant fever, which long confined him to his bed
:and his house. Upon his recovery he, naturally enough, revisited
his old friends the bees, and began to caress them and renew his
former familiarity.

He found, however, to his surprise and disappointment, that he
was no longer in possession of their favour, and instead of being
received as formerly, his advances were resented as an unwel-
.come and irksome intrusion ; nor was he over afterwards able to
perform any of the usual operations upon them, or to approach
them without exciting their rage.

177. According to Dr. Bevan and M. Feburier, both close and
acourate observers of the habits of the insect, red and black-haired
persons are peculiarly obnoxious to it. Feburier mentions &
mastiff to which his bees had a particular aversion, pursning him
into the house with such pertinacity, that doors and windows
were obliged to be closed for his protection.

Dr. Bevan mentions that he had two friends, brothers, one of
whom was so inoffensive to the bees, that he could stand with
impunity over the hive and watch all their doings, while the
other could scarcely enter the garden with impunity.

178. The antennw are gencrally regarded as the proper organs
of the tactile sense, and hence are popularly, though not properly,
-called feelers,—the feelers being in fact the palpi already men-
tioned. Naturalists are not agreed as to the functions of the
antenns, though all concur as to their importance. Some con-
sider them as organs of smell, others as organs of hearing; while
others claim for them the place of organs of a sixth sense, of
which man and the higher animals are destitute. This sense is
considered by Kirby as an intermediate faculty between sight and
hearing, rendering the insect sensible of the slightest movement
-of the circumambient air. Dr. Evans, as quoted by Dr. Bevan,
in reference to the faculty conferred on the bee by the antenn#,
-88Y8,—

v ‘¢ The same keen horns, within the dark abode,

Trace for the sightless throng a ready road ;
While all the mazy threads of touch convey
That inward to the mind, a semblant day.”

The antenne, and the two pair of palpi, would seem to have

-correlative and complementary functions: they are both in eon-

stant motion. The palpi are in reality the feelers, in the proper

sense of the term; as is apparent by observing the manner it
which the insect applies them to the food before eating it.

179, Cuvier considers the organs of taste in the bee to consti-

‘tute one of its most important charaeters, The sensibility of these
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organs is manifested by the delicate choice of food which the
insect makes, showing a preference for those flowers, wherever
they can be found, which yield the finest honey. Hence the cele-
brity of the honey of Narbonne, Hymettus, Hybla, and Pontus.

180. Numerous indications show that the bee possesses the
sense of hearing. The manner in which they are attracted to any
quarter of the hive where an unusual noise is produced, has been
already mentioned. Dr. Bevan mentions some curious examples
of their power of hearing, and even of the sense they seem to

attach to particular vocal sounds. Thus he mentions an old
dame of his acquaintance, who was a very fearless operator in the
treatment of these insects, and who used to suppress any move-
ment of anger on the part of the bees merely by saying to them,
“Ah! would you dare?” A servant of Mr. Knight, the well-
known apiarian, used to quell their anger by exclaiming, ¢ Get
along, you little fools !”

Some difference of opinion has nevertheless prevailed as to the
existence of this sense in insects. The opinion of Linneus and
Bonnet was against it. Many evidences, however, may be adduced
in favour of its existence. Thus, one grasshopper will chirp in
response to another, and the female will be attracted by the voice
of the male. Brunelli shut up a male in a box, and allowed the
female her liberty; as soon as the male chirped she flew to him
immediately. A bee on the window within a bee-house will
make a responsive buzz to its fellows on the outside.*

181. The indications of a keen sense of vision, in the certainty
and precision with which the bee flies to its pasturage and back
to its hive, have been already mentioned. Naturalists, however,
are not agreed as to the particular power of the eyes of these
inseots. Some, for example, contend that their sight is extremely
short, and that

Its feeble ray scarce spreads
An inch around ;

while others contend that its vision of near objects is obscure and
imperfect, but for distant ones quite distinet. Thus Butler and
Wildman say that they have observed the bees go up and down
seeking the door of the hive, as if they were in the dark; but
Bevan observed that they easily discovered it by rising on the
wing, and thus throwing themsclves at a greater distance
from it.

182. Among the mysteries of the social economy of the bee, there
is perhaps nothing more curious than the circumstances which,
in certain cases, appear to affect the personal character of the

* Bevan, p. 862. ©
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sovereign. We have already explained that there are certain
periods in the life of the queen, during which she produces eggs
of certain sorts,—at one period those only of workers, at another
those only of drones. But if the epoch of her nuptials be post-
poned to a certain advanced period of life, at which, if we may
be allowed the expression, she begins to approach the condition
of an old maid, a singular change is found to have taken place in
her constitution, in consequence of which she is no longer capable
of having any but male offspring, in other words, she is incapable
of laying any but drone eggs.

183. Now since such a queen is obviously incapable of discharg-
ing those functions, which are indispensable to the continuance of
the population over which she presides, and of whose young she
ought, in the ordinary course of nature, to be common mother, it
might be inferred that the instincts of the insects would lead
them to disembarrass themsclves of a sovereign, incapable of
discharging the most important functions of her office, and to
substitute for her, as we know they always have the power to
do, one who should enjoy the plenitude of these functions.

184. Among the innumerable experiments of Huber, those are not
least interesting which were directed to this point, that is to say,
to submit the faculties of the queen to tests supplied by artificial
means, contrived for placing her in social conditions, in which it
could scarcely ever happen that she should find herself in the
common course of bee-nature.

The first question which suggested itself to the great naturalist,
was to ascertain whether queens, who thus married so late in lifo
as to have only drone offspring, would exhibit the same spirit
of jealous hostility towards the tenants of royal cells, and the
future aspirants to thrones, as is invariably manifested by younger
royal brides. To determine this it was necessary to place suchs
queen in a queenless hive, in which, however, there was at least
one royal cell tenanted by a princess. Huber, therefore, placed the
queen, who had not married until she had bordered upon old
maidenhood, in a hive which had no queen, but in which there
was one royal cell occupied by a princess. The old bride, whose
nuptials had not been celebrated until she had attained the
twenty-eighth day of her age, laid nothing of course except drone
eggs. On being placed in the hive she exhibited nome of the
usual signs of hostility against the royal cell. On the contrary,
she passed and repassed it many times a day without seeming t
take the least notice of it, or to distinguish it in any way from the

numerous cells which surrounded it on every $de. In such of
these latter cells as Were unoccupied the Jeposived eggs, s we
withstanding the jealous guard whith the wotkers eyt nwsd
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the royal cell occupied by the princess, the queen did not appear
either to show a disposition to attack the imprisoned princess, or to
fear any attack on the part of the latter.

185. Meanwhile the workers exhibited towards the queen the
same respect and homage, lavished upon her the same affectionate
cares, offered her honey, and formed round her in the same respect-
ful circle, as they are wont to do round a sovereign possessing all
the functions necessary to perpetuate the race.

It appears, therefore, that the postponement of the royal nuptials
beyond a certain age, while it deprives the queen of the faculty of
having any but male offspring, also deprives her of that instinctive
feeling of jealous hostility towards rival queens, which forms a
trait so remarkable in the characters of queens, whose nuptials

take place at an earlier and more natural age.

To those who regard these little creatures as mere pieces of
mechanism, obeying unreflecting impulses, having purposes always
direoted to the fulfilment of some important end in their economy,
it will doubtless be surprising that members of the community so
useless as those princesses, who postpone their nuptials until they
are incapable of bearing worthier offspring, should not be destroyed
as the drones are, after they cease to be useful. So contrary to

this, however, is the fact, that no royal bride, however young, is
the object of solicitude more tender, affection more sincere, and
homage.more profound, than those drone-bearing mothers, ¢1I
have seen,” says Huber, ¢ the workers lavish the most tender care
upon such a queen, and, after her decease, surround her inanimate
body with the same respect and homage as they had paid to herself
while living, and, in the presence of these beloved remains, refuse
all attention to young and fertile queens who were offered to
them.” * It must be admitted that this looks much more like the
tenderness of moral affection than the mechanical impression of
blind instinet.

. 186. We have already stated that the royal nuptials are always
celebrated in the air, and under the bright beams of the sun,
where the bride rises with her numerous suitors, and makes her
choice. This bridal excursion into the fields of ether is so inti-
mately interwoven with the customs of these little people, that if,
by cutting off her wings before her nuptials, her majesty is de-
prived of the power of flight, she is consigned irretrievably to a
life of single blessedness, since she can never submit to nuptials
celebrated in the recesses of the hive, instead of the gay and
bright sunshine of the free air.

* It will be observed that, according to the general hubit of the blind,
Huber uses the langnage of vigion, and describes what he saw with The
eyes of Bernens as if he had seen them with his own. .
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Lest it might be imagined, as indeed Swammerdam supposed,
that the marriage is really consummated in this case in the hive,
and that her majesty is only rendered sterile by the mutilation
she has undergone, Huber cut off the wings of a queen imme-
diately after the royal nuptials, but before her majesty had yet any
offspring. In this case, however, her fertility was as great as usual,
and she produced the customary number and variety of eggs.

187. One of the questions in insect physiology, which has been
attended with a certain degree of doubt, is that which regards
the functions of the antcnnw. Huber, therefore, desiring to
ascertain how the queen would be affected by the privation of
these organs, cut off first one and then both, observing the conduct
of her majesty after such mutilation.

The excision of one only of the antennwe produced no dis-
coverable effect upon her faculties or conduct, but the amputation
of both was followed by some very remarkable consequences.

The antennm of a queen of limited fertility, who was incapable
of having other than drone offspring, were out off. From the
moment she lost these organs she appeared to be affected by &
sort of delirious intoxication. She ran over the combs with extra-
ordinary vivacity. She did not give her suite, who formed the
usual circle around her, time to make way for her, but rushed
madly through them, violently breaking their ranks. She did
not deposit her eggs in cells, but dropped them at hazard. The
hive not being very full, there were parts of it unoccupied by
combs. To these parts she rushed, and remained there a con-
siderable time quiescent, appearing to avoid the presence of her
subjects. Some of them, novertheless, followed her to these
deserted places, and cagerly testified their solicitude for her,
caressing her, and offering her honey. This she generally
declined ; and when now and then she seemed disposed reluctantly
to accept it, she appeared to lose the power of presenting her
proboscis to receive it, directing that organ at one time to the
head and at another to the legs of the workers, so that it was
only by chance it encountered their mouths. She would then
run back to the combs, and from the combs to the glazed sides of
the hive, in wild delirium, never ceasing to drop her eggs here
and there as she went along.

At other moments she seemed to be tormented with a desire to
quit the hive, and rushed to the door for that purpose, but the
orifice being too small to allow her body to pass through it, she
was forced to desist, and returned to the interior. Notwithstand-
ing this state of delirium, the bees never ceased to lavish upen
her those cares which they are acoustomed to bestow on their
queen ; but she received them with indifference.
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‘Whether all this singularity and eccentricity of conduct was to
be ascribed to the excision of the antenne, or to that mutilation
ocombined with the partial sterility which limited her offspring to-
drones, was not clear. To decide this point, Huber amputated
the antenn® of a perfect queen, married at an early age, and who
was bearing a numerous offspring, consisting of workers, drones,
and princesses. This queen he placed in the same hive with the
former, with a view to determine at once two questions, the one
relating to the general conduct of the amputated queen, and the
other, that which regarded the mutual bearing of two mutilated
personages.

The general conduct was the same as that of the former queen.
There was the same wild delirium ; the same rushing here and
there as if under the influence of intoxication ; the same efforts to-
escape from the hive; and, in a word, the same peculiarity of con-
duot and manners. . A like difference was apparent in their con-
duct towards each other. Instead of entering into deadly combat,
as queens in their natural state would have done in like circum-
stances, they met and passed each other again and again without
the slightest indication of mutual hostility. This is perhaps the
strongest proof which can be obtained, that the privation of the
antennz utterly subverted their natural instinets.

Another curious social anomaly was manifested on this occasion.
It will be recollected that where a strange queen is introduced
into a hive over which a regular sovereign already presides, the-
population surround her, confine her as a prisoner within a ring-
of sentinels, and refuse to permit her to enter their city. In the
present case, no such measures were adopted. On the contrary,
the second mutilated queen was received with the same signs of’
welcome, and immediately became the same objcet of attention
and homage as the first,

But the most wonderful fact of all those developed in this
series of experiments, was that when a third queen in the perfect
state, without mutilation, was introduced, the bees who had
already treated the other two so well, immediately proceeded to:
maltreat this third and perfect queen. They seized her, dragged
her about, bit her, and so closely surrounded her as to leave her
room neither to move nor to breathe.

Having observed the*apparent desire of these mutilated queens
to issue from the hive, which they were only prevented from
doing by the limited magnitude of the door, and desiring to see
whether the bees or any considerable number of them would
depart with her, as they would do with a perfect queen, Huber,
after taking away the two queens who were sterile, or partially
80, and leaving her who was fruitful in all respeots, but deg:ive”
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of her antennwm, he enlarged the door so as to allow her free
passage through it. So soon as this was done, she went out, and
took flight, but not a single bee accompanied her. She was,
moreover, so heavy, being full of eggs, that she was not able long
to sustain herself on the wing, and fell to the ground.

Various conjectures are made by Huber to explain this singular
departure from the prevailing habits of the insect, but none of
them appear so satisfactory as to require to be reproduced.
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188. APICCLTURE is the name given to the art by which the
products of the industry of the bee are augmented in quastity,
improved in quality, and rendered subservient to the uses of man.
189. The most favourable licalitics for the praetise of spieal-
ture are of course those of which the climate is suitable to the
habits and character of the insect, and which most abouzd iz those
vegetable productions on whith it loves to fod. Amocz these
the principal are saintfoin, Duteh elover ‘trifolinm repems , brark-
Wheat, rape, honeysuckle, clover (trifolium pratemse,, sl yeisre
Getoil (medicago lupuling). Arerrding tn Dr. Bavan, Y aaxesh
Larpyxs’s Mcasvx or Scirs-w, B *
129,
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resources of the bee are, however, the willow, hazel, oster, poplar,
sycamore, and plane ; to which may be added, the snow-drop,
crocus, white alyssum, laurustinus, orange and lemon trees,
gooseberry and currant and raspberry bushes, sweet marjoram,
winter-savory, thyme, and mint. In a word, fruit-trees and green-
house plants and shrubs in general, such especially as abound in
ornamental grounds, all constitute a part of bee-pasturage.
¢¢ First the gray willows’ glossy pearls they steal,
Or rob the hazel of its golden meal ;
While the gay crocus and the violet blue

Yield to the flexile trunk ambrosial dew.
Evaxs, quoted by Bevax,

An undulating country is highly favourable to the bee.

190. The apiaryshould be near the dwelling-house, in the garden,
and in a position sheltered from unfavourable winds., The farm
and poultry-yard should be avoided, as well as too great proximity
to railways, forges, factories, bakehouses, workskops, and the like.
The bee loves tranquil spots, planted with ornamental shrubs
and fruit-trees, and sown with sweet flowers, such as mignonette,
thyme, mint, rosemary, &c. The aspect of the apiary may be
east, west, or south, according as the one or other affords best
shelter, but never north.

191, The hives should be placed on separate stands, a few feet
apart, should be clear of any wall or fence, and elevated eighteen
inches or two feet above the ground.

Hives are sometimes assembled together in the open air,
forming an out-door apiary, such as is shown in fig. 54, p.1, in
which case they are generally made of straw, and protected in cold
weather by straw roofs, but sometimes also formed of wooden
boxes, as shown in the figure.

This arrangement, having the advantage of simplicity and
cheapness, is most commonly adopted, especially by those to whom
economy is important, and in warm climates where shelter is less
necessary.

192. Under other circumstances bee-houses are much more
strongly recommended, as well for comfort and convenience as for
security. The bee-house, one form of which is shown in fig. 55,
p. 33, consists of two or more rows of shelves, established one
above the other, on which the hives are placed at distances of
from twelve to eighteen inches apart, so that the bee-doors shall
be from two to three feet asunder. The house should be thatched
not only on the roof but on the sides and ends. A passage should
be provided for approaching the hives behind, and windows in the
side for ventilation.

193, A form called the Cabinet bee-house is shown in fig. 56,
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accessories, some of which are of occasional, and others of
constant use.

The bee-dress, fig. 86, is a sort of armour, by which the operator
is protected from all hostile attacks of the insect. It is usually
made of Sootch gauze, or catgut, and so formed as to inelose the
head, neck, and shoulders, as shown in fig. 76, p. 17, where a
person mveM with such a dress is repreaenﬁed in the act of
hiving a swarm. It should have long sleeves to tie round the
wrists over a pair of thick gloves, and the body should descend
Pig. &7, gg. 10w _enough to be tied round the waist. Thick

8 woollen stockings and a woollen apron are recom-

mended, the material being one from which the
bee can reudily withdraw its sting.

Knives of different forms (figs. 87, 88) should
be provided, for the partial removal of the honey-
combs, when the smothering process is not re-
sorted to.

A bellows connected with a fumigator (fig. 89)
for projecting tobacco-smoke into those parts of
the combs from which it is desired to expel the
bees, should be provided.

A hive with a handle for mixing swarms is
often useful (fig. 90).

A basket, with an open bottom, pla,oed over

a tub for the purpose of draining the honey-combs, is also &
convenient accessory (fig. 91).

200. A hive should, in general, be purchased in autumn, and
its value will be pretty well ascertained by its weight. That of
a good hive which will be sure to go through the winter, and
to be productive in the ensuing season, should be from 25
to 30 lbs., and should contain about a peck of bees. If the
weight be much greater than 30 lbs., a part of the homey
may be advantageously taken out. Hives are to be preferred
which are only a year old, and which have sent out no more
than a single swarm. Such will be distinguished by the
superior whiteness and purity of the combs. The transport
should be made in cool weather, and should be conducted without
shocks or jolts.

201. Honey should never be taken from any but the nearest and
most populous hives. If they are provided with movable comb-
frames, it is usual to make a partial harvest in May, the principal
stores of the insect being collected between the middle of May and
the end of June, the commencement and termination, however,
7arying three or four weeks, according to the climate peculiar to

te locality.
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But where the pasturage is not so rich, or where the operation is
performed later in the season, it will be necessary either not to
replace the division harvested, or to put the empty division at the
bottom of the hive.

To collect the honey in the hives of the form represented in
fig. 58, p. 49, called the vulgar hive, it is necessary either to expel
the bees or to smother them.

To expel and transfer them to another hive, that which is to be
harvested is inverted, as shown in fig. 58, p. 49, and over itis
placed the hive to which the bees are to be transferred. The bees
may be driven from one to the other, either by being smoked, as
shown in fig. 76, p. 17, or by tapping upon the superior hive,
fig. 58, p. 49.

If some bees remain in the hive to be harvested, they will
voluntarily pass into the new hive by the arrangement repre-
sented in fig. 76, p. 17.

When the hive is harvested, either wholly or partially, by
affecting the bees with temporary asphyxia, the process is as
follows : after having beaten the black powder from a puff-ball of
Lycoperdon, it is placed with some red charcoal in the fumigator,
fig. 89, the nozzle of which is inserted at the door of the hive.
The bellows being worked for five or six minutes, the bees will
fall insensible from the hive, when the combs may be removed,
wholly or partially, as the case may be. In twenty or thirty
minutes the bees will revive, and re-enter the hive, or may be
received in a new one if desired.

If it be not desired to preserve the bees, the hive may be
placed over a pit into which they will fall, and where they may
be buried.

To obtain honey of the first quality, the purest combs, con-
taining neither bee-bread nor brood, being selected, are drained
through a hair-sieve or osier-basket. Their product, called
virgin honcy, is limpid. It hardens and keeps if potted and put
in a cool and dry place. Homey of inferior quality is obtained
by pressing the residue of the combs, and exposing them to heat.

‘Whenever honey is collected, wax may also be obtained, but
the latter substance may be separately collected at the close of
the winter, by paring away the lower ranges of comb, taking
away by the knife those which are old, black, and mouldy, and
those which have been attacked by the moth. The wax is dis-
solved with boiling water, after which it is purified and colleoted
in moulds of glazed pottery.

202. Honey and wax, the products of bee industry, form
important articles of commerce in various parts of the world.

Although the production of wax is not confined to the bee,
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bee-hives at certain seasons of the year from Achaia into Attica,
and a similar custom still prevails in Italy, and even in this
country in the neighbourhood of heaths.

Among the domesticated species of bees may be also mentioned
the Apis unicolor in Madagascar, the Apis Indica at Pondicherry
and in Bengal, and the Apis Adansonii at Senegal.

Fabricius affirmed that the Apis Acraensis laboriosa, and
others in the East and West Indies, might be domesticated with
greater advantage than even the common hive-bee of Europe,
called the Apis mellifica.

205. Honey is one of the class of aliments which requires to be
used with some precaution, since not only are certain constitutions
of body affected injuriously by it, even in its most natural and
wholesome state, but it happens occasionally that the insects which
oollect it resort to poisonous flowers, which impart their noxious
properties to the honey extracted from them.

Kirby mentions the case of a lady of his acquaintance upon
whom ordinary honey acted like poison, and says, that he heard
of instances in which death ensued from eating it.

But where the bee unfortunately resorts to poisonous plants,
the consequences are not thus limited to individuals of peculisr
idiosynorasies. Dr. Barton has given a remarkable example of
this.*

In the autumn and winter of the year 1790, an extensive
mortality was produced amongst those who had partaken of the
honey, collected in the neighbourhood of Philadelphia. The
attention of the American government was excited by the general
distress; a minute enquiry into the cause of the mortality ensued,
and it was satisfactorily ascertained that the honey had been
chiefly extracted from the flowers of Kalmia latifolia. Though the
honey mentioned in Xenophon’s well-known account of the effect
of a particular sort, eaten by the Grecian soldiers during the cele-
brated retreat, after the death of the younger Cyrus, did not
operate fatally, it gave those of the soldiers who ate it in small
quantities the appearance of being intoxicated, and such as par-
took of it freely, of being mad or about to die, numbers lying on
the ground as if after a defeat. A specimen of this honey, which
still retains its deleterious properties, was sent to the Zoological
Society in 1834 from Trebizond, on the Black Sea, by Keith
E. Abbott, Esq.

206, The maladies of the bee proceed from three causes,—hun-
ger, damp, and infection ; all of which admit of prevention when

the insect is maintained artificially.

* American Philosophical Transactions, vol. v. of the year 1760.
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-The bee-louse, an insect about the size of a flea, often infests
populous hives, so as greatly to annoy the bees by fixing itself
apon them. Sometimes two or more attach themselves to a single

« bee, making it restless and indisposed for its usual industry.

A magnified view of one of these parasites is shown in fig. 92,

as seen from above ; and in fig. 93, as seen from below.

Fig. 92.—Bee Louse, Fig. 93.—Boee-Louse,
seen from above. seen from below,

That universal plunderer the wasp, and his formidable congener
the hornet, often seize and devour them ; sometimes ripping open
their body to come at the honey, and at others carrying off that
part in which it is situated. Wasps frequently take possession
of a hive, having either destroyed or driven away its inhabitants,
and consume all the honey it contains. Nay, there are certain
idlers of their own species, called by apiarists, corsair bees, which
plunder the hives of the industrious.

210, Examples have been already cited, in which bees have
manifested peculiar personal antipathies, which have been
ascribed, in the cases mentioned, to some odour, offensive to
the insect, proceeding from the obnoxious individuals. Inde-
pendently, however, of such general causes of hostility, the
insects are sometimes provoked against even their best friends
and most familiar acquaintances, by occasional circumstances.
Kirby relates, that although he was generally exempt from their
hostility, he could not venture with impunity to put them out
of humour. Thus happening one day, during the season when
asparagus was in blossom, to pass among the beds, which were
crowded with bees, he discomposed them so much that he was
obliged to make a hasty retreat, pursued by a swarm of his
offended friends.

211, In Mungo Park’s last mission to Africa, he was much
annoyed by bees. His people, searching for honey, having dis-
turbed a large colony of them, the insects sallied forth by myriads,
and attacking men and beasts indiscriminately, put them all to
the rout. One horse and six asses were killed or missing in con-
sequence of their attack, and for half an hour the bees seem to
have completely put an end to their journey. Isaacs, upon
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filled. A loud humming noise was heard, and the work of de-

struction immediately ensued. The winged combatants sallied
forth from the hive until it became entirely emptied, and a fero-
cious battle commenced in the air between the besiegers and the
besieged. These intrepid warriors were so numerous, that they
literally darkened the sky overhead like a cloud. Meanwhile,
the destructive battle raged with great fury on both sides, and
the ground beneath was covered with the killed and wounded.
Hundreds were seen dispersed on the ground, lying dead, or
crawling about in a disabled state, To one party at length the
palm of victory was awarded, and they settled upon & branch
of an adjoining tree, from which they were removed to the deserted
hive, of which they took quiet possession, and commeneed and
oontinued their usual industry.
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1. Ir the spirits of Watt, Trevithick, and Fulton can look down
on the things of this nether world, and behold the grand results
their discoveries and inventions have produced, what triumph
must be theirs! For half a century the steam-engine had re-
mained a barren fact in the archives of science, when the self-
taught genius of the Glasgow mechanic breathed into it the spirit
of vitality, and conferred upon it energies by which it revived the
drooping commerce of his country, and, when the auspicious
epoch of general peace arrived, diffused its beneficial influence to
the very skirts of civilisation. Scarcely had the fruit of the
labour of Watt ripened, and this great mover been adopted as
the principal power in the arts and manufactures, than its uses
received that prodigious extension which resulted from its acquir-
ing the LoCOMOTIVE character. As it had previously displaced
animal power in the MILL, and usurped its nomenclature, so it
now menaced its displacement on the RoAp. A few years more
witnessed perhaps the greatest and most important of all the
manifold agencies of steam—that by which it has given wings to
the ship, and bade it laugh to scorn the opposing elements, trans-
porting it in triumph over the expanse of the trackless ocean,
regardless of wind or current, and conferring upon locomotion
over the deep a regularity, certainty, and precision, surpassed by
nothing save the movement of chronometers or the course of the
heavenly bodics. Such are the vast results which have sprung
from the intelligence of men, none of whom shared those privi-
leges of mental culture enjoyed by the favoured sons of wealth;
none of whom grew up within the walls of schools or colleges,
drawing inspiration from the fountains of ancient learning; none
of whom were spurred on by those irresistible incentives to genius
arising from the competition of ardent and youthful minds, and
from the prospect of scholastic honours and professional advance-
ment. Sustained by that innate consciousncss of power, stimu-
lated by that irrepressible force of will, so eminently characteristic
of, and inseparable from, minds of the first order, they, in
their humble and obscure positions persevered against adverse and
embarrassing circumstances, impelled by the faith that was in
them, against the doubts, the opposition, and, not unfrequently,
the ridicule of an incredulous world, until at length, by time and
patience, truth was triumphant, and mankind now gathers the
rich harvest sown by these illustrious labourers,

2. It was about the eighth year of the present century that
Fulton launched the first steamboat on the Hudson. After the
lapse of four years the first European steamboat was established
on the Clyde. From that time the art of steam-navigation, in
the two great maritime and commercial nations, advanced with a
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1836, on the oocasion of the meeting of the British Assoeiation in
Dublin, I had advocated the former of these projects.

9, On the occasion of the next meeting in 1837 at Bristol, I
again urged its advantages, and by comparison discouraged the
project of a direct line between Bristol and New York. When I
say that I advocated one of these projects, it is needless to add
that the popular rumour, that I had pronounced the Atlantio
voyage impraeticable, is utterly destitute of foundation. But I
am enabled to offer more conclusive proofs than this, that, so far
from asserting that the Atlantic voyage by steam was impossible,
I distinctly affirmed the contrary.

The Times newspaper sent a special reporter to attend the
meeting at Bristol, and more particularly to transmit a report of
the expeoted disoussion on the Atlantic steam voyage, which at
the moment excited much interest,

10. The meeting took place on the 25th, and the report ap-
peared in the Times of the 27th of August. From that report I
extract the following ;—

¢ Dr, Lardner said he would beg of any one, and more espe-
cially of those who had a direot interest in the inquiry, to dismiss
from their minds all previously-formed judgments about if, and
more especially upon this question, to be guarded against the con-
clusions of mere theory, for if ever there was one point in practice
of a commercial nature which, more than another, required to be
founded on experience, it was this one of extending steam-naviga-
tion to voyages of extraordinary length. He was aware that
since the question had arisen, it had been stated that his own
opinion was averse to it. ZTh:s statement was totally wrong, but
he did feel that great caution should be used in the adoption of
the means of carrying the project into effect. Almost all depended
on the first attempt, for a failure would much retard the ultimate
eonsummation of the project.
¢¢ Mr. Scott Russell said that he had listened with great delight
to the lucid and logical observations they had just heard. He
would add one word. Let them try this experiment, with a view
only to the enterprise itself, but on no account try any new boiler
or other experiment, but to have a combination of the most
approved plans that had yet been adopted.
¢ After some observations from Messrs. Brunel and Field,
Dr. Lardner, in reply, said, that he considered the voyage prac-
ticable, but he wished to point out that which would remove the
possibility of a doubt, because i the firsk skiemyh. failed it would
cast a damp upon the enterprise, and prevent o TepRiticn & ™
attempt.”
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in maritime affairs, being associated with some large capitalists
who had confidence in ,his sagacity and skill, laid before the
British government a project for a line of Post-office steamers, to
ply between |Liverpool and Boston, touching at Halifax. But

. Cunard insisted strongly on the necessity of provzdmg [
oonndembln fleet of steamers, to ensure that permanence and
regularity which were indispensable to the success of the projeet.
He demonstrated that the magnitude of the capital it must involve,
and the vast expenditure attending its maintenance, were such as
oould not be covered by any commercial returns to be expected
from it, and that, consequently, it could only be sustained bys
liberal subsidy to be furnished by the government. After mueh
negotiation, it was agreed to grant him an annual subsidy of
60000/, upon which condition the enterprise was commenced.
Mr. Cunard, however, had hardly embarked in it, before it became
evident that this grant was insufficient, and it was soon inereased
to 100000/ per annum. Further experience proved that even
this was insufficient to enable Cunard and his associates to
maintain the communieation in a satisfactory and efficient manner,
and the annual subvention wasin fine raised to its present amount,
that is to say, 1450001, sterling per annum.

14. Thus supported, the communication was in 1851 main-
tained throughout the year. During the four winter months,
December, January, February, and March, there were two de-
partures per month from each side, and during the eight other
months of the year there was a departure once a week, making &
total of forty-four departures from each side, or forty-four voyages
going and returning.

These voyages make a total distance sailed of 272800 geogra-
phical miles within the year. The subsidy, therefore, amounts to
ten shillings and eightpence per mile sailed.

Since the epoch here referred to, steam-navigation has, as is
well known, undergone great improvements, and its powers have
been proportionally extended. The arrangements of this and ,
other lines of ocean navigation have accordingly undergone, and
oontinue to undergo, modifications having the effect of increasing
the frequency and extending the lengths of the trips.

15. Soon after the Cunard line of steamers commenced opers-
tions, it was proposed to establish, with government support, s
transatlantic line of steamers communicating between Great
Britain and its West India colonies. Ultimately the present
‘West India Steam-Packet Company was established, and obtained
from the government a subvention greater still in amount than
had been granted to the Cunard Company. The amount of this
Rnnual grant was 2400001, N
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have for its object the removal of the paddle-wheels now generally
used, and the substitution of some description of subagueons pro-
peller A great reduction in the dimensions of the machinery,

and the surrender to the uses of commerce of that invaluable space
which it now occupies within the vessel, are also essential. Ttis
incumbent on the engineer who assumes the high responsibility of
the superintendence of such a project, to leave the ship in the full
and unimpaired enjoyment of its functions as a sailing-vessel.
Let him combine, in short, the agency of steam with the undi-

minished nautical power of the ship. Let him ocelebrate the

marriage of the steam-engine with the sailing-vessel. If he

accomplish this with the skill and success of which the project is

susceptible, he may fairly hope that his name will go down to.
posterity as a benefactor of mankind, united with those of Fulton

and Watt.

The actual progress of mechanical science encourages us to hope,
that the day is fast approaching when such ideas will be realised
—when we shall behold a great highway cut across the wide
Atlantic, not as now, subserving to those limited ends, the
attainment of which will bear a high expense, but answering all
the vast and varied demands of general commerce. Ships which
would serve the purposes we have here shadowed out, can never
compete in mere speed with vessels in which cargo is nothing,
expense disregarded, and expedition everything, Be it m.
Leave to such vessels their proper funotions; let them still enjoy
to some extent the monopoly of the most costly branches of
traffic, subsidised as they are by the British treasury. Let the
commercial steam-ships, securing equal regularity and punctu-
ality, and probably more frequent despatch, be content with
somewhat less expedition, This is consistent with all the analo-
gies of commerce.

There is another consideration which ought not to be omitted.
In all great advances in the arts of life, extensive improvements
are at first attended with individual loss of greater or less amount.
The displacement of capital is almost inevitably attended with
this disadvantage. It is the duty, therefore, of the scientific
engineer, in the arrangement and adoption of his measures, to
consider how these objects may be best attained with the least
possible injury fo existing interests. To accomplish this will not
only be a benefit to the public, but will materially facilitate the
realisation of his own objects, by conciliating in their favour those
large and powerful interests, whose destruction would be other-
wise menaced by them. If, then, in the present case, it is found
practicable with advantage to introduce into the present sailing-
ships, more especially into those most recently constructed, the

122







STEAM NAVIGATION.

which, in the existing state of the art of steam-navigation, are
most likely to extend the benefits of that agent of transport to
general commeroe.

20. If the form and structure of paddle-wheel steam-vessels be
obnoxious to these many serious objeotions, when considered with
reference to the purposes of general commerce, they are still more
objectionable when considered with reference to the purposes of
national defence. It is undoubtedly a great power with whichto °
invest a vessel of war, to be able to proceed at will, in spite of
the opposition of wind or tide, in any direction which may seem
most fit to its commander. Such a power would have surpassed
the wildest dreams of the most romantic and imaginative naval
commander of the last century. To confer upon the vessels of s
fleet the power immediately, at the bidding of the commander, to
take any position that may be assigned to them relatively to the
enemy, or to run in and out of a hostile port at pleasure, or fly
with the rapidity of the wind past the guns of formidable forts,
before giving them time to take effect upon them—are capabilities
which must totally revolutionise all the established principles of
naval tactics. But these powers at present are not conferred upon
steam-ships, without important qualifications and serious draw-
backs. The instruments and machinery from which they are
immediately derived are, unfortunately, exposed in such a manner
as to render the exercise of the powers themselves hazardous in
the extreme. It needs nmo profound engineering knowledge to
perceive that the paddle-wheels are eminently exposed to shot,
which, taking effect, would altogether disable the vessel, and
leave her at the mercy of the enemy; and the chimney is even
more exposed, the destruction of which would render the vessel a
prey to the enemy within itself in the shape of fire. But besides
these most obvious sources of exposure in vessels of the present
form intended as a national defence, the engines and boilers
themselves, being more or less above the water line, are exposed
80 as to be liable to be disabled by shot.

A war steamer, to be free from these objections, should be pro-
pelled by subaqueous apparatus. Her engines, boilers, and all
other parts of her machinery should be below the water-line. Her
fuel should be hard coal, burning without visible smoke, so that
her approach may not be discoverable from a distance. Her fur-
naces might be worked by blowers, so that the chimney might be
dispensed with, and thus its liability to be carried away by shot
removed.

21. The policy of the British government has been to rely on the
commercial steam navy as a means of national defence, in the
event of the sudden outbresk of war. By the evidence given
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The shaft of the screws is placed horizontally in the vessel
parallel to the keel, and directly above it.

The faces of the paddle-wheels look sideways and are conse-
quently parallel to the keel.

The faces of the screws look sternwards, and are consequently
at right angles to the keel.

25. The paddle-wheels are in pairs one at each side of the vessel
and outside the hull, being supported on the projecting ends of
the paddle-shaft, and covered by large semi-cylindrical drums
called paddie-bozes.

The screws are generally single wheels, within the vessel under
its hull, and placed near the stern.

Only the lower parts of the paddle-wheels are immersed. The
sorews are altogether submerged.

26. The paddle-shaft being carried on each side beyond the
timbers of the vessel, the wheels supported by it and revolving
with it, are usually constructed like undershot water-wheels,
having attached to their rims a number of flat boards called
paddle-boards. As the wheels revolve, these pnddle-boards strike
the water, driving it in a direotion contrary to that in which it is
intended the vessel should be propelled. On the paddle-shaft
two cranks are constructed, similar to the crank on the axle of
the fly-wheel of a stationary engine. These cranks are generally
placed at right angles to each other, so that when either is in its
highest or lowest position the other shall be horizontal, They
are driven by two steam-engines, which are usually placed in the
hull of the vessel below the paddle-shaft. In the earlier steam-
boats a single steam-engine was used, and in that case the unequal
action of the engine on the crank was equalised by a fly-wheel.
This, however, has been long since abandoned in European vessels,
and the use of two engines is now almost universal. By the relative
position of the cranks it will be seen, that when either crank is af
its dead point the other will be in one of the positions most favour-
able to its action, and in all intermediate positions, the relative
efficiency of the cranks will be such as to render their combined
action very nearly uniform.

The steam-engines used to impel vessels may be either con-
densing engines, similar to those of Watt, and such as are used in
manufactures generally, or they may be non-condensing and high-
pressure engines, similar in principle to those used on railways.
Low-pressure condensing engines are, however, universally used for
marine purposes in Europe, and to a great extent in the United
States. In the latter country, however, high-pressure engines are
also used in some of the river steamers.

27. The arrangement of the parts of a marine engine differs in
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ness of crank and a greater limitation of play of all the moving
parts in the vertical direction. The valves and the gearing by
which they are worked, the air-pump, the ocondenser and other
parts of the marine engines, do not differ in principle from those
already described in land engines.

These arrangements will be more clearly understood by
reference to fig. 1, in which is represented a longitudinal
section of one of the many varieties of beam engine, with its
boiler as placed in a steam-vessel. The sleepers of oak, sup-
porting the engine, are represented at x, the base of the engine
being secured to these by bolts passing through them and the
bottom timbers of the vessel; s is the steam-pipe leading from
the steam-chest in the boiler to the slides ¢, by which it is
admitted to the top and bottom of the cylinder. The condenser is
represented at B, and the air-pump at E. The hot well is seen at
¥, from which the feed is taken for the boiler ; L is the piston-rod
connected by the parallel motion @, with the beam m, working on
a centre X, near the base of the engine. The other end of the
beam 1 drives the conneoting rod M, which extends upwards to
the orank, which it works upon the paddle-shaft o. Q ® is the
framing by which the engine is supported. The beam here exhi-
bited is shown on dotted lines as being on the further side of the
engine, A similar beam similarly placed, and moving on the
same axis, must be understood to be at this side connected with
the cross-head of the piston in like manner by a parallel motion,
and with a cross-piece attached to the lower end of the connecting
rod and to the opposite beam. The eccentric which works the
slides is placed upon the paddle-shaft o, and the connecting arm
which drives the slides may be easily detached when the engine
requires to be stopped. The section of the boiler, grate, and flues
is represented at w U. The safety-valve y is enclosed beneath a
pipe carried up beside the chimney, and is inaccessible to the
engine man; A are the cocks for blowing the salted water from
the boiler, and 11 the feed-pipe.
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common land boilers, an increased evaporation in the proportion
about three to two.

The form and arrangement of the water-spaces and flues
flue boilers are infinitely various. The sections of such boile
are exhibited in figs. 4, 5, 6. A section made by a horizont

Fig. 4.

plane passing through the flues is exhibited in fig. 4. Th

furnaces ¥ communicate in pairs with the flues E, the air followin

the course through the flues represented by the arrows. Theflue

passes to the back of the boiler, then returns to the front, the
Fig. 5.
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to the back again, and is finally carried back to the front, where
it communicates at ¢ with the curved flue », represented in .the
transverse vertical section, fig. 5. This curved fiue B finally
terminates in the chimney A. There are, in this case, three inde-
pendent boilers, each worked by two furnaces communicating with
the same system of flues; and in the curved flues B, fig. 5, by
which the air is finally conducted through the chimney, are placed
three independent dampers, by means of which the furnace of
each boiler can be regulated independently of the other, and by
which each boiler may be separately detached from communication
with the chimney. .

A longitudinal seotion of the boiler, made by a vertical plane
extending from the front to the back, is given in fig. 6, where F,
as before, is the furnace, ¢ the grate-bars sloping downwards
from the front to the back, u the fire-bridge, ¢ the commencement
of the flues, and A the chimney. An elevation of the front of the

Fig. 6.

boiler is represented in fig. 7, showing two of the fire-doors closed
and the other two removed, displaying the position of the grate-
bars in front. Small openings are also provided, closed by proper
doors, by which access can be had to the under-side of the flues,
between the foundation timbers of the engine, for the purpose of
cleaning them.

Each of these boilers can be worked independently of the others.
By this means, when at sea, the engine may be worked by any
two of the three boilers, while the third is being ¢leaned and put
in order.

In the boilers here represented the flues are all upon the same
level, winding backwards and forwards without passing one above
the other. In other boilers, however, the flues, after passing
backwards and forwards near the bottom of the boiler, turn
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-upwards and pass backwards and forwards through a level of the
water nearer its surface, finally terminating in the chimney. More
-heating surface is thus obtained with the same capacity of boiler.

It is found in practice, that the most efficient parts of the flue-
surface for the generation of steam, are those which are horizontal

Fig. 7.

and at the upper parts of the flue, and the least efficient those
which are horizontal and at the lowest part, the efficiency of the
vertical sides being intermediate.

Since the flues are liable occasionally to become choked with
soot and ashes, it is necessary that their magnitude shall be
sufficient to allow a boy to enter them for the purpose of cleaning
them.

31. Tubular marine boilers are constructed on a principle pre-
cisely similar to that of locomotive boilers, described in a former
Tract. The flame and gaseous products of combustion, issuing
from the furnace at a very elevated temperature, pass through &
great number, sometimes several hundred, tubes of iron or brass,
of about three inches diameter, which traverse the boiler below the
level of the water in it, so that before they enter the chimney their
temperature is reduced to a comparatively low point, the heat
they thus lose being taken up by the water surrounding the tubes.

Flue boilers have the advantage over tubular boilers in being
cheaper and more durable. With the same evaporating power
they are however one-third larger and heavier, and consequently
occupy a greater portion of the tonnage, and produce, other
things being the same, a proportionally greater displacement,- the
latter condition augmenting the resistance, and therefore either
diminishing the speed, or increasing the consumption of fuel.
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. 32. There cannot be a more striking proof of the ignorance of
general principles which prevails, respecting this branch of steam
engineering, than the endless variety of forms and proportions
which are adopted in the boilers and furnaces which are con-
structed, not only by different engineers but by the same
engineer, for steamers of like power and capacity, and even for
the same steamer at different times. Thus the original boilers
of the ‘Great Western, built for the New York and Bristol or
Liverpool voyage, were of the common flue sort. They were
subsequently taken out and replaced by tubular boilers. The
dimensions and relative proportions of these two sets of boilers,
thus supplied to the same vessel for the same voyage, differing as
completely one from the other as if they had been designed for
different wessels and diﬂ'erent  Voyages.

‘On contemplating engmeermg proceedings, such as are exhibited
in the preceding table, it is impossible to deny that practical men
in such cases are groping in the dark, without the slightest benefit
from the light which they ought to derive, from the present
advanced state of physical science.

88. Tubular flues have been in many steamers adopted in
preference to the flat and longer flues already described. In the
second set of boilers of the Great Western above mentioned, the
‘tubes were eight feet in length and three inches in diameter. In
the boilers of the steamer Ocean, which are also tubular, the
following are the principal dimensions :—

Boilers : Length . . 9 feet
Number . . 3 Diameter . . 3} inches,
Length . .. 14 feet. * Cylinders :

Breadth . . 193 feet. Number . . 2
Furnaces : Diameter . . 56 inches.
Number . A Stroke . . b} feet.

Length . . 7 feet. Pressure of steaw above

Breadth . .. 24 feet. atmosphere . 43} lbs. per in,
* Tubes: Consumption of coal

Material . . Iron. per hour . . 18 cwt.

Number . . 378

Among the more recent specifications of the machinery of marine
engines submitted to the Admiralty, are some in which the boilers
are traversed by nearly 2000 tubes of 3} inches external diameter,
and five feet in length, giving a total heating surface of about
9000 square feet.

34. A formidable difficulty in the application of the steam-
engine to sea voyages has arisen from the necessity of supplying

the boiler with sea water instead of fresh water. The sea water
is injected into the condenser for the purpose of condensm‘g5 the
A
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steam, and, mixed with the condensed steam, it is thence con-
ducted as feeding water into the boiler.

Sea water holds, as is well known, certain saline and alkaline sub-
stances in solution, the principal of which is muriate of soda, or
common salt. Ten thousand grains of pure sea water contain two
hundred and twenty grains of common salt, the remaining ingre-
dients being thirty-three grains of sulphate of soda, forty-two grains
of muriate of magnesia, and eight grains of muriate of lime. The
heat which converts pure water into steam does not at the same
time evaporate those salts which the water holds in solution. As
a consequence it follows, that, as the evaporation in the boiler is
continued, the salt, which was held in solution by the water
which has been evaporated, remains in the boiler, and enters into
solution with the water remaining in it. The quantity of salt
contained in sea water being considerably less than that which
water is capable of holding in solution, the process of evaporation
for some time is attended with no other effect, than to render the
water in the boiler a stronger solution of salt. If, however, this
process be continued, the quantity of salt retained in the boiler
having constantly an increasing proportion to the quantity of
water, it must at length render the water in the boiler a saturated
solution ; that is, a solution containing as much salt as, at the
actual temperature, it is capable of holding in solution. If;
therefore, the evaporation be continued beyond this point, the salt
disengaged from the water evaporated, instead of entering into
solution with the water remaining in the boiler, will be precipitated
in the form of sediment; and if the process be continued in the
same manner, the boiler would at length become a mere salt-pan.

But besides the deposition of salt sediment in a loose form, some
of the constituents of sea water having an attraction for the iron
of the boiler, collect upon it in a scale or crust, in the same manner
as earthy matters, held in solution by spring water, are observed to
form and become incrusted on the inner surface of land-boilers
and of common culinary vessels.

The coating of the inner surface of a boiler by incrustation, and
the collection of salt sediment in its lower parts, are attended
with effects highly injurious to the materials of the boiler. The
crust and sediment thus formed within the boiler are almost non-
conductors of heat, and placed, as they are, between the water
contained in the boiler and the metallic plates which form it, they
obstruct the passage of heat from the outer surface of the plates
in contact with the fire, to the water. The heat, therefore, accu-
mulating in the boiler-plates so as to give them a much higher
temperature than the water within the boiler, has the effect of
softening them, and by the unequal temyerature which will thus
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be imparted to the lower plates which are incrusted, compared
with the higher parts which may not be so, an unequal expansion
is produced, by which the joints and seams of the boiler, are
loosened and opened, and leaks produced.

These injurious effects can only be prevented by either of two
methods ; first, by so regulating the feed of the boiler that the
water it contains shall not be suffered to reach the point of
saturation, but shall be so limited in its degree of saltness that no
injurious incrustation or deposit shall be formed; secondly, by
the adoption of some method by which the boiler may be worked
with fresh water. This end can only be attained by condensing
the steam by a jet of fresh water, and working the boiler con-
tinually by the same water, since the supply of fresh water
sufficient for a boiler worked in the ordinary way, could never be
commanded at sea.

The method by which the saltness of the water in the boiler is
most commonly prevented from exceeding a certain limit, has
been to discharge from the boiler into the sea a certain quantity
of over-salted water, and to supply its place by sea water intro-
duced into the condenser through the injection-cock, for the
purpose of condensing the steam, this water being mixed with the
steam so condensed, and being, therefore, a weaker solution of
salt than common sea water. To effect this, cocks called blow-
off cocks are usually placed in the lower parts of the boiler, where
the over-salted, and therefore heavier, parts of the water colleot.
The pressure of the steam and incumbent weight of the water in
the boiler force the lower strata of water out through these cocks ;
and this process, called dlowing vut, is, or ought to be practised at
such intervals as will prevent the water from becoming over-
salted. When the salted water has been blown out in this
manner, the level of the water in the boiler is restored by a feed
of corresponding quantity.

This process of blowing out, on the due and regular observa.nce
of which the preservation and efficiency of the boiler mainly
depend, is too often left at the discretion of the engineer, who is,
in most cases, not even, supplied with the proper means of ascer-
taining the extent to which the process should be carried. It is
commonly required that the engineer should blow out a certain
portion of the water in the boiler every two hours, restoring the
level by a feed of equivalent amount; but it is evident that the
sufficiency of the process, founded on such a rule, must mainly
depend on the supposition, that the evaporation proceeds always at
the same rate, which is far from being the case with marine boilers,

36. Anmdmator, by which the saltness of the water in the

boiler would always be exhibited, ought to be provided, and the
ALY
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process of blowing out should be regulated by the indications of
that instrument. To blow out more frequently than is neoessary
is attended with a waste of fuel ; for hot water is thus discharged
into the sea while cold water is introduced in its place, and con-
sequently all the heat necessary to produce the difference of the
temperatures of the water blown out, and the feed introduced, is
lost. If, on the other hand, the process of blowing out be observed
less frequently than is necessary, then more or less incrustation
and deposit may be produced, and the injurious effects already
described ensue.

36. As the specific gravity of water holding salt in solution is
increased with every increase of the strength of the solution, any
form of hydrometer capable of exhibiting a visible indication of
‘the specific gravity of the water contained in the boiler, would
serve the purpose of an indicator, to show when the processof
blowing out is necessary, and when it has been carried to 8
sufficient extent. The application of such instruments, however,
would be attended with some practical diffioulties in the case of
-sea boilers. °

37. The temperaturc at which a solution of salt boils unders
given pressure varies considerably with the strength of the
solution ; the more concentrated the solution is, the higher will
be its boiling temperature under the same pressure. A comparison,
therefore, of a steam-gauge attached to the boiler, and a ther-
mometer immersed in it, showing the pressure and the temperature,
would always indicate the saltness of the water; and it would
not be difficult so to graduate these instruments as to make them
at once show the degree of saltness.

If the application of the thermometer be considered to be
attended with practical difficulty, the difference of pressures under
which the salt water of the boiler and fresh water of the same
temperature boil, might be taken as an indication of the saltness
of the water in the boiler, and it would not be difficult to construct
upon this principle a self-registering instrument, which would
not only indicate but record from hour to hour the degree of
saltness of the water. A small vessel of distilled water being
immersed in the water of the boiler would always have the tem-
perature of that water, and the steam produced from it com-
municating with a steam-gauge, the pressure of such steam would
be indicated by that gauge, while the pressure of the steam in
the boiler under which pressure the salted water boils might be
indicated by another gauge. The difference of the pressures
indicated by the two gauges would thus become a test, by which
the saltness of the water in the boiler would be measured. The
1wo pressures might be made to act on opposite ends of the same
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fig. 8 is represented a transverse section of a part of a steam-
vessel; W is the water-line of the boiler, B is the mouth of a
blow-off pipe, placed near the bottom of the boiler. This pipe
rises to A, and turning in the horizontal direction, A c, is ovn-
duoted to a tank T, which contains exaoctly a ton of water. This
pipe cpmmunicates with the tank by a cock D, governed by s
lever B. When this lever is moved to D', the cock D is open, and
when it is moved to K, the cock D is closed. From the same tank
there proceeds another pipe E, which issues from the side of the
vessel into the sea, governed by a cock ¥, which is likewise put in
Fig. 8.

connection with the lever H, so that it shall be opened when the
lever H is drawn to the position ¥, the cock D' being closed in all
positions of the lever between X and ¥. Thus, whenever the
cock F communicating with the sea is open, the cock D communi-
cating with the boiler is closed, and zice versd, both cocks being
closed when the lever is in the mtermedmte position x. By this
arrangement the boiler cannot, by any neglect in blowing off, be
left in communication with the sea, nor can more than a ton
of water be discharged except by the immediate act of the
140
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imparts a considerable portion of its heat to the cold feed which
comes in ; and it is found that by this expedient the brine discharged
into the sea may be reduced to a temperature of about 100°.

This expedient is so effectual, that when the apparatus is pro-
perly constructed, and kept in a state of efficiency, it may be
regarded as nearly a perfect preventive against the incrustation,
and the deposition of salt in the boilers, and is not attended with
any considerable waste of fuel,

40. Itis maintained by some praoctical men, that the economy
of heat effected by brine-pumps, such as have been just deseribed,
is more than counterbalanced by the risk which attends them, if
not accompanied by proper precautions. The pipes through which
the salted watcr is discharged are, it is #aid, apt to get choked, in
which case the pumps will necessarily cease to act, though they
appear to the engineer to do so; and thus the water in the boiler
may become salted to any extent without the knowledge of the
engineer. When the process of blowing out is executed in the
ordinary way, without brine-pumps, the engineer looks at his
water-gauge and keeps the blow-off cock open, until the water
level has fallen to tho required point. Under these circumstances
there isa certainty of having discharged from the boiler a certain
quantity of salted water, a certainty which does not exist in the’
case of a continuous discharge of water by brine-pumps.

Such expedients, therefore, it is contended, should always be
accompanied by some indicator, which shall show the degree of
saltness of the water in the boiler, such as we shall presently
explain.

41, In practice, if a marine boiler be rogularly attended to,
and the salted water be discharged either by the common
method of blowing-off cocks or by brine-pumps, or any other expe-
dient which shall impose the necessary limit on the degree of con-
centration of water in the boiler, the evil arising from incrustation
will be quite inconsiderable.

A scale will in all cases be-formed on the inner surface of the
boilers, which must be removed from time to time when the vessel
isin port. The best method of effecting this is by lighting some
shavings, or other light and flaming combustible, in the furnaces
when the boilers are empty and the safety-valves open. The
expansion of the metal by the heat thus produced being greater
than that of the matter composing the scale, the latter will be
detached and will fall in pieces to the bottom of the boiler, from
which it can be withdrawn with the water at the man-holes.

In some cases, however, it will be preferable to detach the scale
by the hammer or chisel.

42. It is n great error to suppose that incrustation is either the
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sole or principal cause of the rapid destruction of marine boilers.
If it were so, it would necessarily happen that marine boilers in
which expedients are adopted by which fresh water is used, or
even those in which the process of blowing out has been regularly
observed, and in whioch the scale is detached before it is allowed
to thicken to an injurious extent, would last as long, or nearly as
long, as land boilers. It is found, however, that the boilers in
which these expedients are adopted with the greatest effect and
regularity are, nevertheless, less durable in a very large propor-
tion than land ‘boilers. Thus, while a land boiler will last for
twenty .years, a marine boiler, similarly constructed, will, even
with the greatest care, be worn out in four or five years.

The cause of this rapid destruction of the boiler is corrosion,
but how this corrosion is produced is a question which has not
hitherto been satisfactorily answered. It is contended that this
is not to be ascribed to any chemical action of the sea water on
the iron, inasmuch as the flues of marine boilers rarely show any
deterioration from this cause, and even in worn-out marine boilers
the hammer-marks on the flues are as conspicuous as when they are
fresh from the boiler-maker. The thin film of scale which covers
the interior surface would rather protect the iron from the action
of the water. In fine, the seat of the corrosion is almost never
those parts of the boiler which are in contact with the water. It
is that part of the metal which includes the steam space that
exhibits corrosien ; but even there the effect is so irregular, that
no data can be obtained by which the cause can be satisfactorily
traced. The part which is most rapidly corroded in one boiler is
not at all affected in another ; and in some cases we find one side
of the steam-chest attacked, the other side being untouched.
Sometimes the iron exfoliates in flakes, while in others it appears
as though it were eaten away by an acid.

43. In the applicafjon of the steam-engine to the propulsion of
vessels in voyages of great extent, the economy of fuel acquires
an importance greater than that which appertains to it in land
engines, even in localities the most removed from coal-mines, and
where its expense is greatest. The practical limit to steam
voyages being determined by the greatest quantity of coals which
a steam vessel can carry, every expedient by which the efficiency
of the fuel can be increased becomes a means, not merely of a
saving of expense, but of an increased extension of steam-power to
navigation. Much attention has been bestowed on the augmenta-
tion of the duty of engines in the mining districts of Cornwall,
where the question of their cfficiency is merely a question of
economy ; but far greater care should be given to this subject,
when the practicability of maintaining intercourse by steam

AR
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between distant points of the globe, will perhaps depend on the
effect produced by a given quantity of fuel. 8o long as steam
navigation was confined to river and channel transport and to

coasting voyages, the speed of the vessel was a paramount con- °
sideration, at whatever expenditure of fuel it might be obtained ;
but since steam navigation has been extended to ocean voyages,
where coals must be transported sufficient to keep the engine in
operation for a long period of time without a fresh relay, greater
attention has been bestowed upon the means of economising it.

Much of the efficiency of fuel must depend on the management
of the fires, and therefore on the skill and care of the stokers.
Formerly the efficiency of firemen was determined by the abundant
production of steam ; and so long as the steam was evolved in
superabundance, however it might have blown off to waste, the duty
of the stoker was considered as well performed. The regulation of
the fires according to the demands of the engine was not thought
of, and whether much or little steam was wanted, the duty of the
stoker was to urge the fires to their extreme limit.

Sinoe the resistance opposed by the action of the paddle-wheels
of a steam-vessel varies with the state of the weather, the con-
sumption of steam in the cylinders must undergo a corresponding
variation ; and if the production of steam in the boilers be not
proportioned to this, the engines will either work with less effi-
ciency than they might do under the actual circumstances of the
weather, or more steam will be produced in the boilers than the
cylinders can consume, and the surplus will be discharged to waste
through the safety valves. The stokers of a marine engine, there-
fore, to perform their duty with efficiency, and obtain from the fuel
the greatest possible effect, must discharge the functions of a self-
regulating furnace, such as has been already described : they must
regulate the force of the fires by the amount of steam which the
cylinders are capable of consuming, and they must take care thatno
unconsumed fuel is allowed to be carried away from the ash-pit.

44. Formerly the heat radiated from every part of the surface
of the boiler was allowed to go to waste, and to produce injurious
effects on those parts of the vessel to which it was transmitted.
This evil, however, has been removed by coating the boilers,
steam-pipes, &o., of steam-vessels with felt, by which the escape
of heat from the surface of the boiler is very nearly, if not alto-
gether, prevented. This felt is attached to the boiler surface by
a thick covering of white and red lead. This expedient was first
applied in the year 1818 to a private steam vessel of Mr. Watt's,
called the Caledonia ; and it was subsequently adopted in another
vessel, the machinery of which was constructed at Soho, called
the James Watt.
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CHAPTER III.

. Economy of fuel.—46, Width and depth of furnace.—47, Advantage
of expansive action.—48. Siamese engines.—49. Simplified arrange-
ments,—50. Number and position of cylinders.—51. Proportion of
diameter to stroke.—b52. Oscillating engines.—53. Engines of the
Peterhoff.—54. Propellers.—55. The common paddle-wheels.—056.
Featbering paddles.—57. Morgan's paddle-wheel. —58. Field’s split
paddles.—59. American paddle-wheel.—60. Practical objections to
feathering paddles.—61. Proportion of marine engines.—62. Sub-
merged propellers.—63. Their disadvantages.—64. Screw-propellers.
—=65. Pitch and slip.—66. Manner of mounting screw-propellers.—
67. Their various forms.

. THE economy of fuel depends in a great degree on the
rangement of the furnaces, and the method of feeding them.
general, each boiler is worked by two or more furnaces
mmunicating with the same system of flues. While the fury
Larowzr's Musgux oF SOIENOE. . Y
KNo. 126.
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is fed, the door being open, a stream of cold air rushes in, passing
over the burning fuel and lowering the temperature of the flues:
this is an evil to be avoided. But, on the other hand, if the fur-
naces be fed at distant intervals, each furnace will be unduly
heaped with fuel, a great quantity of smoke will be evolved,
and the combustion of the fuel will be proportionally imperfect.
The process of coking in front of the grate, which would insure a
complete combustion of the fuel, has been already described in our
tract on the Steam Engine. A frequent supply of coals, however,
laid carefully on the front part of the grate, and gradually pushed
backwards as each fresh feed is introduced, would require the fire
door to be frequently opened, and cold air to be admitted. It
would also require greater vigilance on the part of the stokers,
than can generally be obtained in the circumstances in which they
work. In steam-vessels the furnaces are therefore fed less fre-
quently, fuel is introduced in greater quantities, and a less perfect
combustion produced.

‘When several furnaces are constructed under the same boiler,
communicating with the same system of flues, the process of feed-
ing, and consequently opening one of them, obstructs the due
operation of the others, for the current of cold air which is thus
admitted into the flues checks the draught, and diminishes the
efliciency of the furnaces in operation. It was formerly the practice
in vesscls excceding one hundred horsc-power, to place four
furnaces under cach boiler, communicating with the sameo system
of flues. Such an arrangement was found to be attended witha
bad draught in the furnaces, and therefore to require a greater
quantity of heating surface to produce the necessary evaporation.
This entailed upon the machinery the occupation of more space in
the vessel in proportion to its power; it has therefore been more
recently the practice to give a separate system of flues to each
pair of furnaces, or, at most, to every three furnaces. When three
furnaces communicate with a common flue, two will always be in
operation, while the third is being cleared out; but if the same
quantity of fire were divided among two furnaces, then the clearing
out of one would throw out of operation half the entire quantity
of fire, and during the process the evaporation would be injuriously
diminished.

46. It is found by experience, that the side plates of furnaces are
liable to more rapid destruction than their roofs, owing, probably,
to a greater liability to deposit. Furnaces, therefore, should not
be made narrower than a certain limit, Great depth from front to

back is also attended with practicel inconvenience, as it renders
firing tools of considersble length, and a corresponding extest
stoking room necessary. 1t1is recommended by Yo Who hexe
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much practical experience in steam-vessels, that furnaces six feet
in depth from front to back should not be less than three feet
in. width to afford means of firing with as little injury to the side
plates as possible, and of keeping the fires in the condition
necessary for the production of the greatest effect. The tops of-
the farnaces scarcely ever decay, and ‘are seldom subject to an
alteration of figure, unless the level of the water be allowed to
fall below them,

47. The method by which the greatest quantity of practical
effect can be obtained from a given quantity of fuel must, how-
ever, mainly depend on the extended application of the expansive
principle. This has been the means by which an extraordinary
amount of duty has been obtained from the Cornish engines. The
difficulty of the application of this principle in marine engines, has
arisen from the objections entertained in Europe to the use of
steam of high-pressure, under the circumstances in which the
engine must be worked at sea. To apply the expansive principle,
it is necessary that the moving power at the commencement of the
stroke shall considerably exceed the resistance, its force being
gradually attenuated till the completion of the stroke, when it
will at length become less than the resistance. This condition
may, however, be attained with steam of limited pressure, if
the engine be constructed with a sufficient quantity of piston
surface. '

48. This method of rendering the expansive principle available at sea,
and compatible with low-pressure steam, was projected and executed by
Messrs. Maudslay and Field. Their improvement consists in adapting
two steam cylinders in one engine, in such a manner that the steam shall
act simultaneously on both pistons, causing them to ascend and descend
together. The piston-rods are both attached to the same horizontal cross-
head, whereby their combined action is applied to one crank by means of a
connecting-rod placed between the pistons.

A section of such an engine (which has been called the Siamese engine),
made by a plane passing through the two piston-rods p »’ and cylinders, is
represented in fig. 9. The piston-rods are attached to a cross-head o,
which ascends and descends with them. This cross-head drives upwards
and downwards an axle p, to which the lower end of the connecting-rod
g is attached. The other end of the connecting-rod drives the crank-
pin ®, and imparts revolution to the paddle-shafta. A rod m conveys
motion by means of a beam 1 to the rod K of the air-pump L.

Engines constructed on this principle were applied in several steamers,
and amongst others in her Majesty’s steam-frigate ‘‘ Retribution.” .

49, Within the last. ten or fifteen years, and especially
since the more general adoption of the screw-propeller, the
marine engine has been greatly simplified in 1t3 mechanies).

wrangements, Its bulk has thus been diminished, as we\} °«
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the intermediate shaft for working the piston of the air-pump u; ¥, ¥ are
. the slide-valves, by which

Fig. 11. the admission of the stesn

to the cylinders is regu-

lated ; @, @ are double

eccentrics on the inter-

mediate shaft, whereby

the valves ¥, ¥ are moved;

H is a handle, whereby the

engines may be stopped,

started, or reversed; I, I

are the steam-pipes lesd-

ing to the steam-trunnions

K, K, on which, and on

other trununions, connected

with the pipe x, the cylin-

ders oscillate ; x, x are

(] pumps, the pistons of
which are attached to the

trunnions, and are worked

by the oscillation of the

cylinders ; o is the waste-

water pipe, through which

the water which has accomplished the function of condensing the steam is
ejected over-buard. The same letters refer to the same parts in the two figures.

64. To obtain from the moving power its full amount of mechs-
nical effect in propelling the vessel, it would be necessary that it
should constantly act against the water in a horizontal direction,
and with a motion contrary to the course of the vessel. No system °
of propellers has, however, yet been contrived capable of perfectly
accomplishing this. Patents have been granted for many
ingenious mechanical combinations to impart to the propelling
surfaces such angles as appeared to the respective contrivers most
advantageous, In most of these the mechanical eomplexity has
formed a fatal objection. No part of the machinery of a steam-
vessel is so liable to become deranged at sea as the propellers;
and, therefore, that simplicity of construction which is compatible
with those repairs which are possible on such emergencies is quite
essential for safe practical use.

55. The ordinary paddle-wheel, as has been already stated, is a whed
revolving upon a shaft driven by the engine, and carrying upon its cir-
cumference & number of flat boards, called paddle-boards, which are
secured by nuts and braces in a fixed position ; and that position is such
that the planes of the paddle-boards diverge from the centre of the shat
on which the wheel turns. The consequence of this arrangement is that each
paddle-board can only act in that direction which is most advantageous for
the propulsion of the vessel when it arrives at the lowest point of the wheel

In fig. 12, let 0 be the shaft on which the cowmmaon paddle-wheel revolves ;
the positions of the pa.d«\\e-\\:oax&\a are :e?&u“e\i\m{»ﬁ; :.. “%.. LT ,\t{‘
represents th -line, the course o Al PRRRA.
frolx,n x t:;s yt; eth:axzolvl;‘; ,:eptwn’(- e direction In Wik the pRARe-whed
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revolves. The wheel is immersed to the depth of the lowest paddle-board,
since & less degree of immersion would render a portion of the surface of
each paddle-board mechanically useless. In the position A, the whole
force of the paddle-board is efficient for propelling the vessel; but as the
paddle enters the water in the position H, its action upon the water not
being horizontal, is only partially effective for propulsion : & part of the
force which drives the paddle is expended in depressing the water, and the
remainder in driving it contrary to the course of the vessel, and, therefore,

Fig. 12.

by its re-action producing a certain propelling effect. The tendency, how-
ever, of the paddle entering the water at H is to form a hollow or.trough,
which the water, by its ordinary property, has a continual tendency to fill
up. After passing the lowest point A, as the paddle approaches the posi-
tion B, where it emerges from the water, its action again becomes oblique,
a part only having a propelling effect, and the remainder having a tendency
to raise the water, and throw up a wave and spray behind the paddle-
wheel. It is evident that the more deeply the paddle-wheel becomes
immersed, the greater will be the proportion of the propelling power thus
wasted in elevating and depressing the water ; and if the wheel were
immersed to its axis, the whole force of the paddle-boards, on entering and
leaving the water, would be lost, no part of it having a tendency to propel.
If a still deeper immersion take place, the paddle-boards above the axis
would have a tendency to retard the course of the vessel. When the vessel
is, therefore, in proper trim, the immersion should not exceed nor fall
short of the depth of the lowest paddle; but for various reasons it is
impossible in practice to maintain this fixed immersion : the agitation of the
surface of the sea causing the vessel to roll, will necessarily produce a great
variation in the immersion of the paddle-wheels, one becoming frequently
immersed to its axle, while the other is raised altogether out of the water.
Also the draught of water of the vessel is liable to change, by the variation
in the cargo; this will necessarily happen in steamers wiich ‘wke \ony
voyages. At starting they are heavily laden with fue), Wrich as Wney
proceed is gradually consumed, whereby the vessel i Yightened. .
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changed by any motion imparted to L ; the radial arms are connected s
the other end with a centre, round which they are capable of revolving,
Now, since the points A B ¢, &c., which are the pivots on which the paddle-
boards turn, are moved in the circumference of a circle, of which the centre
is o, they are always at the same distance from that point, consequently they
will continually vary their distance from the other centre . Thus, whea
a paddle-board arrives at that point of ite revolution at which the ceatre

Fig. 14,

round which it revolves lies preciscly between it and the centre o, its
distance from the former centre is less than in any other position. As it
departs from that point, its distance from that centre gradually increases
until it arrives at the opposite point of its revolution, where the centre 0
is exactly between it and the former centre; then the distance of the
paddle-board from the former centre is greatest. This constant change of
distance between each paddle-board and the centre P is accommodated by
the variation of the angle between the radial arm L and the short paddle-
board arm X : as the paddle-board approaches the centre p, this gradually
diminishes ; and as the distance of the paddle-board increases, the angle is
likewise augmented. This change in the magnitude of the angle, which
thus accommodates the varying position of the paddle-board with respect
to the centre P, will be observed in the figure. The paddle-board » i8
nearest to p; and it will be observed that the angle contained between L
and K is there very acute; a% B the angle hetween L and X increases,
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<=jbat is still acute; at @ it increases to a right angle; at B it becomes
:.,obtuse ; and at x, where it is most distant from the centre p, it becomes
:-\Jmost obtuse. It again diminishes at L, and becomes a right angle between
.+ and B. Now this continual shifting of. the direction of the short arm k

- 38 necessarily accompanied by an equivalent change of position in the
- gpaddle-board to which it is attached ; and the position of the second centre
;P is, or may be, 80 adjusted that this paddle-board, as it enters the water
.and emerges from it, shall be such as shall be most advantageous for pro-
.pelling the vessel, and therefore attended with less of that vibration which
.arises chiefly from the alternate depression and elevation of the water,

owing to the oblique action of the paddle-boards.

58. Pield’s split paddles.—In the year 1833, Mr. Field, of the firm of
‘Maudslay and Field, constructed a paddle-wheel with fixed paddle-boards,
but each board being divided into several narrow slips arranged one a little
‘behind the other, as represented in fig. 15. These divided boards he pro-

Fig. 15.

- posed to arrange in such cycloidal curves that they must all enter the
water at the same place in immediate succession, avoiding the shock pro-
duced by the entrance of the common board. These split paddle-boards
are as efficient in propelling when at the lowest point as the common
paddle-boards, and, when they emerge, the water escapes simultaneously
from each narrow board, and is not thrown up, as is the case with common
paddle-boards.

The number of bars, or separate parts into which each paddle-board is
divided, has been very various. When first introduced, each board wes
divided into six or seven parts: this was subsequently Tedueed:, =md
the wheels of this form constructed for the government vessdls, tne prddie-
boards consist only of two parts, coming as near t Yhe mm““;;“'*\
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such a propeller will be nearly the same, whatever position may
be given to it in the water. However the ship may pitch or roll,
or however unequal the surface of the sea may be, such a pro-
peller will always produce the same backward current without
any variation of effect.

The circumstances which prevent the co-operation of the power
of steam with that of the sails in steam-vessels propelled by the
common paddle-wheels, will not operate with submerged pro-
pellers, inasmuch as their effect is altogether independent of the
careening of the ship,

63. But though this defeot is remedicd, the submerged pro-
pellers in gencral are still subject to objections, to which even the
common paddle-wheel is not obnoxious, Being permanently
submerged and liable to accident, fracture, and derangement from
various causes, they are inaccessible, and cannot be repaired at
sea. But, besides this, when the object in view is to take full
advantage of the power of the sails at times when it is expedient
to suspend the action of the machinery, the submerged propeller
becomes an obstruction, more or less considerable, to the progress
of the vessel. Various cxpedients have been contrived, and in
somo instances practically applied, by which the propeller can be
lifted out of the water when it is not in operation, but hitherto
this has not been found practically convenient, at least for com-
merecial vesscls, though sometimes adopted for vesscls of war.

64, The screw-propeller is similar in form and mechanieal prin-
ciplo to the hydraulic machine known as the screw of Archimedes.
A cylinder placed at the bottom of the vessel, and in the direction
of the keel, is surrounded by a spiral blade similar, precisely, to
the thread of a common screw, but projecting from it instead of
being cut into its surface. If such a screw were turned in 8
solid, it would move forward through a space equal to the distance
between two contiguous threads in each revolution ; but the water,
not being solid, yields more or less to the re-action of the screw,
and consequently the screw moves forward through a spacein each
revolution less than the distance between two contiguous threads.

65, The distance between two contiguous threads is technically
called the pitch of the screw; a term, however, which is some-
times also used to express the angle formed by the blade of the
serew with its axis, such angle supplying the means of calculating
the distance between such contiguous threads. 'We shall here, how-
ever, use the term pitch in the former sense. The difference between
the pitch of the serew and the space through which the screw actu-
ally progresses in the water in one revolution is called the slip.

In the first vessels to which screw-propellers were applied, the
screw consisted of a single spiral blade, which made one convo-
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1 only round the cylinder. This arrangemert was subse-
ily modified, and two convolutions and a half of a double-
ded screw were used instead of one complete convolution of a
s-threaded screw. This plan has been occasionally varied, a
er fraction of a convolution being sometimes used.

is found in practice that the amount of the slip in general
s from one-tenth to one-twentieth of the pitch; that is to
she actual velocity of the screw through the water is from
enth to one-twentieth less than it would be if the screw
ed through a solid, or as an ordinary screw in its nut.

. The screw-propeller is usually fixed upon an axis parallel
2 keel of the vessel, and mounted in a space in the dead wood
zen the stern<post and rudder-post. It is usually suspended
short shaft, carried by a metal frame, having a rack on each
in which endless serews work, by means of which the frame
rting the propeller can be lifted out of the water, so that the
r can be repaired if required or a new one introduced without
ng the vessel into dock.

enable the water to react in a manner analogous to that in
h the nut reacts upon the common screw, the thread requires
much deeper than if the screw worked in metal or wood,
’he pressing surface to be proportionally larger. Accordingly
7-propellers are always made with much smaller central bodies,
1 much deeper thread than the common screw. They are also
y as large as possible in diameter, extending generally from
eel to a point nearly level with the surface of the water. Thus .
liameter of the screw is little less than the draft of the vessel.
. To convey some idea of the forms of screw-propellers, we.
represented in the annexed figures the forms of some of the
sllers most generally adopted.

fig. 17 is represented a perspective view of Smith’s screw-propeller,
two threads or blades, as finally adopted in her Majesty's steamer

Fig. 17. Fig. 18, Fig.19.  Fig. 20.

ttler.” This is the form of the screw now most generally adopted in the
W0
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eecurred where the end of the shaft being rendered white-hot was
actually welded to the steel plate against which it pressed, although
a stream of water was continually running over the surfacein
oontact. Various expedients have since then been proposed for
remedying this inconvenience. One of these was to let the end of
the shaft enter a tight cylinder of oil in the manner of a piston,
s0 that it would press against a liquid instead of a solid. Another
was to place a large collar upon the shaft which should pres
against a number of balls or small rollers like those of a swivel-
bridge. Neither of these plans, however, appears to have been
so successful as to get into general use, and one or other of the
following expedients is now generally adopted. The thrust of
the sorew-shaft is received either upon a number of collars ora
series of disos placed at the end of the shaft and resting ons
eistern of oil which is usually cast upon the base plate or some
solid part of the engine, and its end is sufficiently strong to bear
the thrust of the screw. Interposed, however, between the end of
the cistern and that of the shaft are two, three, or-more discs of
metal, generally two inches thick, and having diameters equal to-
that of the shaft. A bolt passes through their centre to keep
them in line, but they are each free to revolve in the bolt, and
where the shaft passes out of the cistern a collar of leatheris
applied to prevent the oil from escaping. It will be obvious from
such an arrangement that if the end of the shaft which it presses
upon the discs begins to heat from undue friction, it will revolve
with somewhat more difficulty, and will consequently carry the
first diso round with it. The rubbing surfaces are therefore no
longer at the end of the shaft, but at the first disc and the second
disc. In faet the rubbing surfaces, instead of being limited to2
single disc, are distributed over several. Those surfaces which
begin to heat, and consequently to stick, will cease to rub, whereby
they will speedily become cool again and their efficiency conse-
quently be restored. (See Mr. Bourne’s article on the ¢ Sorew-
Propeller ” in the Appendix to Brande’s ‘¢ Diotionary of Science
and Art.”)

69. According to the same authority the best practical propor-
tion and form of screw-propellers for mercantile vessels are as
follows. Those of three blades are on the whole preferable. The
diameter should be as large as possible. When the area of the
circle described by the extremity of the arms of the serew has one
square foot for every two-and-a-half square feet in the area of
the midship seotion immersed, a very efficient performance is
obtained. The pitoh of the screw should be equal to its diameter,
or perhaps a little exceed it, and the length measured parallel to-

its shaft should be about one-sixth of @ counvolution. Thus, fos
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under such conditions the screw is less efficient than the paddle;
for though both vessels attained the same speed of four knols
against a strong head wind, yet, in the case of the ¢ Alecto,” this
performance was attained with a velocity of the engine of 12
strokes per minute, whereas in the ¢ Rattler” it was only attained
with a velocity of the engine of 22 strokes per minute. It follows,
therefore, that a screw-vessel in proceeding head to wind will
require 1°8 times, or nearly twice the quantity of fuel to do the
same amount of work. The screw, in fact, revolves at nearly the
same velocity whether the wind is adverse or favourable, or
whether the vessel is lying at anchor ; and this is a serious defect
in the case of vessels intended to encounter adverse winds. Inthe
case of vessels, however, which use the screw only as a resource in
calms, or as an auxiliary to the sails, this disadvantage will not be
experienced, since such vessels have no pretensions to the capability
of proceeding in direct opposition to a strong head wind.

74. Among the experiments made with the ‘¢ Alecto” and
¢‘Rattler,” some of the most interesting and important were
direoted to the determination of the relative towing powers of the
screw and paddle-wheel. For this purpose the two ships were
lashed stern to stern, and the engines of both were set to work so
as to make them draw the connecting chain in opposite directions.
In these and all other cases where screw and paddle-vessels of
equal power and size have been thus connected, the screw-vessel
has preponderated, and towed the paddle-vessel as soon as the
engines were set to work.

‘When the ¢ Rattler” and ¢ Alecto” were lashed together in this
manner, the ¢ Alecto’s” engines were set on first, and she was
allowed to tow the ‘ Rattler” at the rate of two knots an hour.
The ‘“Rattler’s” engines were then set on. In five minutes the
two vessels became completely stationary. The ¢ Rattler” then
began to move ahead, and towed the ‘‘ Alecto” against the whole
force of her engines, at the rate of 2:8 knots per hour. In like
manner the * Niger” towed the ¢ Basilisk ”’ astern, in opposition
to the force of her engines at the rate of 1:1 knots per hour. The
natural inference from this experiment would be that the screw is
more suitable for towing than the paddle ; yet this inference is not
confirmed by the experiment, for when the ¢ Niger” and
¢ Basilisk ” were each set to tow the other alternately, in the
usual manner in which a steamer tows a ship, it was found that
the ¢ Niger " towed the ‘¢ Basilisk ’ at a speed of 5:63 knots, with
5939 horse-power, and that the ¢“Basilisk ” towed the ¢¢ Niger”
at the rate of 6 knots, with 572:3 horse-power. The paddle-
vessel, therefore, accomplished in towing the largest speed with

the least power. It has slso been found thet when a paddle
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before it had yet attained all its present degree of perfection, it
was in oxtensive operation under the direction of the General
Sorew Shipping Company. Seven vessels belonging to that cam-
pany were in operation during the twelve months ending 31st
December, 1849, during which time they performed 170 voyages,
being an average of about 241 voyages per vessel. The total dis-
tance run was 110849 geographical miles, being at the average
rate of 15835 miles per vessel, and about 648 miles per voyage. The
average speed was 8 to 84 geographical miles per hour, and only one
casualty, and that one in the Thames, ocourred during the year.

The speed of the best and most recent of these vessels in still
water, running the measured mile in the long reach of the Thames,
was found to be 9:68 knots per hour,

8. Practical authorities have suggested, that the greatly in-
creased and rapidly inereasing number of screw ships runmning
between the British and American ports, suggests the expediency
of a revision of the post-office contracts, with a view to publis
eoonomy, without any real sacrifice of efficienoy. It is considered
that no difference of time worthy of consideration now prevails
between the passages of the mail-packets and the screw-vessels;
but even admitting a difference, it is certainly not so great as that
which exists between the speed of the mail and that of the
express trains on railways. If then the mail contracts on the
iron lines are sufficiently well performed by the trains of second-
rate speed, why may not the like contracts on the lines of water
be similarly executed, where the difference of cost would be
enormous, and the difference of speed comparatively insignificant.

It is obvious that these observations are applicable not only to
the lines of steamers which carry the United States and Canadian,
but also to the West Indian, and in a word, to all the ocean lines.

79. But when screw propulsion is used, a much greater velocity
of revolution is required to be given to the screw-shaft,—a much
greater number of revolutions per minute being necessary, than
the greatest number of strokes per minute made by any steam-
engine of the common construction. It was necessary, therefore,
in adopting screw propulsion, either to provide expedients by which
the velocity of rotation of the screw-shaft shall be greater than
that of the crank-shaft, in the requisite propertion, or to modify
the form and proportions of the steam cylinders and their appen-
dages, so that the number of strokes per minute should be aug-
mented, so as to be equal to the necessary number of revolutions
per minute of the screw-shaft. '

Both these contrivances have Yeen adopted by different con-
structors, Engines constructed on the former Pam are odled grored
mngines, and those constructed on the lekier direct acting enginer.
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a number of small cylinders, ranged often in a horizontal position
on either side of the screw-shaft, allow of the play of all the
reciprocating parts within a small height, so as to keep the whole
below the water-line.

83. Another expedient for the protection of the machinery from
shot, is to place the coal-boxes on each side of it, and between it
and the timbers of the vessel, so that before a shot could reach it,
the fuel must be thoroughly penetrated.

84. The efficiency of a marine, like that of a land engine, depends
on the exact regulation of the slides by which the admission and
escape of the steam to and from the oylinder is governed. Inall
cases the steam should be admitted at either end of the cylinders
little before the arrival of the piston there, and at the same
moment the escape to the condenser should be stopped. By this
means the piston, on arriving at the end of the stroke, is received
by the steam just admitted mixed with a small portion of uncon-
densed steam and air, whose escape to the condenser has been
intercepted. These form a sort of air-cushion, against which the
stroke of the piston is broken, an effect which is called by the
practical men, not inappropriately, cushioning the piston. When
the steam is worked expansively, the slides must be capable of
such regulation as to shut it oft at any required fraction of the
entire stroke, and when not so worked, it onght at all events to
be shut off before the stroke is quite completed, so as to relieve
the piston from its action a little before the termination of the
stroke.

It is easy to conceive that, to accomplish all these points, the
slides require the nicest imaginable adjustment; and the openings
for the admission and escape of steam, the most exact regulation
both as to magnitude and position.

85. It will be evident on comparing the pitch of the ordinary
screw with the progressive rate at which the vessel moves through
the water, that, to produce the necessary speed, a much greater
velocity of rotation must be imparted to the screw, than is con-
sistent with the ordinary rate at which steam-engines work. It
has been already shown that this great velocity of rotation has
been obtained either by the interposition of gearing so adapted as

to augment the velocity, or by assimilating the engine in its form
and structure to a locomotive.

86. An example of a marine-engine, by which the necessary velocity is
imparted to the screw-shaft, by means of intermediate gearing, is pre-
sented in the case of the screw-engine constructed by Messrs. Penn and
Son, forthe ‘‘Great Britain” steam-ship. The engines which are represented

in fig. 26, are constructed on the oscMaXing prindiple, and are almost
identical with the paddle-wheel engines, Wi Wy Yhe ame Srm s
e “Sphinx.”
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piston area equal to that of a piston 55 inchesin diameter. In the ‘‘Arrogsnt”
the length of stroke is 8 feet,and in the ¢‘Encounter” itis 2 feet 8 inches.
The nominal power of both engines is 360 horses ; and the diameter of the
‘‘Arrogant’s” screw is 15 feet 6inches, that of the ‘‘Encounter” being12fest.
The pitch of both is 15 feet, and the length 2 feet 6 inches. The *‘Arrogant”
is a vessel of 1872 tons burden, and the ‘Encounter” of 958 tons. The
whole machinery, including the boilers, is placed below the water line, 80
as to be protected from shot.* ‘

88. The forms of screw-propelling engines, whether they act cn
the screw-shaft by intermediate gearing or directly, are infinitely
various, Drawings of not less than 15 different forms of geared-
engines, and the like number of direot acting engines, are given
in two large plates prefixed to Mr, Bourne’s work on the screw-
propeller, to which we must refer those who require information
of this detailed description. In the vessels of the Royal Marine
generally the cylinders are placed upon the sides, so that, by
diminishing the total height of the machinery above the floor
on which it rests, it may be kept below the water-line. In
commercial vessels a form of engines is frequently employed
resembling the land beam-engines, with the cylinder at one
end of the beam, and the connecting-rod at the other. In such
cases the connecting-rod extends downwards from the end of
the beam to the crank. In either case the cylinder is inverted,
and the connecting-rod procceds from the end of the piston-rod
to turn the crank, the end of the piston-rod being of course
steadied by suitable guides. According to Mr. Bourne, the con-
struction of the engines described above in the case of the
“¢Arrogant” and ¢ Encounter ” is, on the whole, the best for screw-
vessels, but he thinks it might be preferable to put the trunk
into the air-pump instead of the cylinder. He considers also that
the condenser might be dispensed with, and the condensations
performed in the air-pump. In that case the flow of water to
and from the air-pump might be governed by a slide-valve,
similar to that which is employed to regulate the admission and
escape of stcam to and from the cylinder. It seems probable that
slide-valves may be brought into general use for pumps of every
sort, but in the case of ordinary ones for raising water these valves
need not be like the common slide-valves, which in fact are nob
well adapted to give sufficient area for such purposes, but msy
consist of a short wide cylinder with gridiron orifices revolving
slowly at the top and bottom of the air-pump.

89, The general arrangement of the machinery and fuel in screw-
propelled vessels of the Royal Navy is illustrated by the transvers

section of H.M.’s screw steama-packet ¢ Plumyer,” shown in fig. 8.

* Figs. 26 and 27 are copied, With the permisdion of the pismwd
’ the author, from Brande's ¢ Dictionary of Scientk and Ark® ko <udhie
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90. The question of auxiliary steam power to be used occa —
sionally, as well for commercial as for war purposes, is one of the
highest importance and interest, and one, morcover, which expe—
rience has not yet enabled us perfectly to understand and
elucidate. For commercial purposes the saving of fuel, when the
vessel has favourable winds, and the adaptation of her structure
to the conditions necessary for a sailing-vessel, is of the highest
importance; and in naval warfare a propelling power, however
inadequate it may be for constant propulsion and the maintenance
of high speeds in long voyages, may nevertheless be all-sufficient
for conducting vessels into action or into hostile ports.

91. It has becn already stated on the authority of Mr. Bourne,
and as the result of experiments made on a large scale, that
screw-vessels intended to go head to wind and work against
head-seas, are not as efficient with the same consumptien of fuel
as paddle-wheel vessels. Under the combined operation of sails
and steam, however, they are generally as efficient, and, when
deeply laden, more so. A screw-vessel being divested of paddle-
boxes partakes more of the character of a sailing-ship ; neverthe-
less, from the experiments made with the ¢ Niger” and ¢ Basilisk,”
it does not appear that a sorew-vessel is more efficient under sails
than a paddle-vessel, though such a result may naturally be
expected. The advantages, therefore, which attend the use of
screw-propelling engines as an auxiliary power, do not result from
any superiority of the screw as a propeller, nor from the increa
facility which it presents for the application of sails, but are to be
ascribed to the latec employment in screw-vessels of wind-power
which costs nothing, instead of stcam-power which costs much,
and also to the maintenance of lower rates of speed than are
thought necessary in paddle-wheel vessels. The screw is a less
cumbrous propeller than the paddle, and since it permits a much
higher speed of the engine, a greater engine power may be com-
pressed in a smaller compass.

On the whole, therefore, the screw for all the purposes of
auxiliary propulsion is much to be preferred ; nevertheless it must
be understood that its superior eligibility is not so much dueto
its greater efficiency, as to the greater convenience in the applics-
tion of auxiliary steam-power which its employment affords.

92, The horse-power of marine engines is either nominal or real.
The nominal power is estimated by assuming a certain average
effective pressure of steam, and a certain average linear velocity

reader is referred for a great mass of important details, for which we
cannot here afford space. Still further information on the same subject
nay be found in Mr. Bourne’s work *‘on the Screw-propeller” already
uoted, that gentleman being also the author of the article in Brande.
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of the piston. The pressure multiplied by the velocity gives the
effective force of the piston, or, what is the same, of the engine
¢xXerted through a given number of feet per minute ; and since the
force called a horse-power means 33000 lbs. acting thus one foot
Per minute, it follows that the nominal power of the engine will
be found by dividing the effective force exerted by the piston,
multiplied by the number of feet per minute through which it acts,
by 33000.

It is assumed in all Admiralty contracts, and generally also in
those of the commercial marine, that, after deducting from the
total pressure of steam in the boiler that portion which is
neutralised by the gases and uncondensed steam in the condenser,
the friction of the moving parts and all other sources of resistance,
the actual available or effective pressure of steam upon the piston
is at the rate of 7 lbs. per square inch of piston surface. The
total nominal effective action of the piston in pcunds will therefore
be found by multiplying the number of square inches in the area
of the piston by 7.

93. In the following tables, obtained from the government
authorities, will be found a complete statement of the strength of
her Majesty’s steam navy up to the 1st of April, 1856.

By Table I. it appears that the number of line-of-battle ships
fitted and fitting with the screw-propeller was then 43, carrying.
a total number of 3797 guns, and propelled by engines of the
colleotive power of 22950 horses. This is at the average rate of
881 guns, and 533 horses per vessel; the proportion of guns to
horses being about 6 horses per gun.

By Table II. it appears that the number of frigates and
mortar-ships was 24, carrying collectively 889 guns, and propelled
by engines of 10560 horse-power, being at the average rate of
37 guns, and 440 horses per vessel; the proportion of horses to
guns being about 12 horses per gun.

By Table III. it appears that there were 90 war steamers fitted
with padale-wheels, carrying the total number of 500 guns, and
propelled by engines having the collective power of 24640 horses,
being at the average rate of 5} guns, and 274 horses per vessel; the
propertion of horse-power to guns being about 50 horses per gun,

By Table IV. it appears that there were 76 smaller vessels fitted
with screw-propellers, consisting of corvettes, sloops, and despatch
boats, carrying in all 761 guns, and propelled by engines of the
collective power of 16202 horses, being at the average rate of 10
guns and 213 horses per vessel ; the proportion of horse-power to
guns being therefore about 21 horses per gun.

In Table V. is given the number and power of the troop and
store-ships, water-tanks, &e.; in Table VI. a statement of the
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steam-propelled gun-boats ; and in Table VII. a general summary
of the entire steam navy. g

In Table VIIL. is given a statement of the commercial
navy in March 1853,

TABLE 1.
Line-of-Battle Ships fitted and fitting with the Screw- Propeller in Her
Majesty’'s Navy.
Name. Name., Name. H
. 8
. o wain
Marlborough’ Emanuel
. Mars . . ..
Nile . . Castle .
Total
TABLE II.

Frigates and Mortar-ships fitted and fitting with the Screw-Propelle
in Her Majesty’'s Navy.

.
Name. Name. Narae.

Guns.
oo~ —=3| Horse

| Bt Bt. forward

Total

© RTINS0
— .E -
B
1]
@
o
-



TABLE IIL.—A List of War Steamers in Her Majesty's Service fitted with
Paddle-wheels.



TABLE V.—Trooper, Stm-:hs'pc,_ Water-tanks, Flour-mills, Yachts, and

| XName. g g ] ‘ Name. g g gl Name.

] ! S lﬂc? | - Iﬂ&' -
| I'Abundance ... = | Bt forward.i |1856| | Bt forward .
2 Assistance . . .. | Hearty . . .o| 100134 . .

8jAdvice . ... |1 Helen Faucit . ..| .. .35/ Resistance . .
| 4;Adder . ... | Himalaya . .'..[ 700 ,36/Resolute . .
| 5 African . ... " Humber . ...| 80:87|8imoom . .
| 6 Bruiser . oo * . Industry . . 2| 80 38|8prightly. .
7 Buffulo o oles _ Malta . ... 50 39 Bu{)ply .« .
| 8 Bustler . ... © Meguern . 6| 850 40|8ulina . .
| 9,Chasseur . ... Moukey . . .. 180 41|8ultanas .
| 10/Contiance " | " 20 Moslom . ...| 120 [42|Thais .~ !
11.Coromandel .|.. 27 Myrtle . ... 50 43(Torch . . .
‘ 12/Crescent . ... 128; Nimble oo oo 144 Transit .

18|Danube . .|.. |29 Pera. ... 80 45|Urgent ..
| 14|Eclio c 30 Perseverauce . 2 300 46iVulean . .
15Elfin . . ... |81 Pike. . .... O60[47|Wye . . .
‘lell"enrlcus [ 32 Pigeon. . ... 50 I }
| 17|Fox . 1200 wllPrmccss Alice. 1 120 ¢ Total . .
‘ ] 1836 | | 11 4076

n e ot -
TABLE VI TABLE VII.

Statement of the Total Number Statement of the Number and Powe
and Power of Steam Gun-boats of Steam Vessels of all classes i
in the Royal Navy on the lat the Royal Navy on the 1st April,
April, 1856. 1856.

i i ; | . . T

! 2 -3 - —_eh %

© 8 |BE |38 sk i
No.| & |g¢ |28 | 2% 22
122 4 | o0 | 488 | %820 Line-of-Battle Ships 22930

I Frigates & Mortar-ships. 10560

13 4 40 52 520 Paddle-wheel Vossels ' TG40
| Corvettces, Sloops, &c. . 16202

20 2 20 40 400 Troop-ships . .. I 7300°
I ' Gun-boats . . . . Lo 80

155 10 120 580 8240 . 435 6564 8989‘.’:

TABLE VIIL.—Skowing the number of vessels (wood and iron) belonging to
the Mail Contract Steam Pucket Companies in March, 1853 ; alsotheir
Tonnage and Horse Power, from Parliamentary return ordered to be
printed 29th June, 1853,

' Number of Vessels. | Tonnage. Horse Power. .
To what Company R i g
belonging. Wood. Iron. ITotal. Wood.| Iron. Total. (Wood.| Iron. | Total|
| Poninsula and Orfental | 11 22 | 33 | 11800 26449, 38240| d40s6| 7481| 1167
Royal West India . . | 19 1 | 20 |s2612| “2700' 35312) 8750/ 80| 85%0
Britishand N.American| 8 1 9 | 14091 2500| 1746i| 5690] 1000 6630
Pacific. . . .| .. | 8 8 | .| oess ooss| .| 205 28 |
,G°’g§u‘2‘;}pﬁfg’w Steaml| | g | 8 | .. |1300 1496 .. | 2250 20
! Austrolisn . . .| .. 5 5 | .. | se00| 8600 .. | 1sc0 1800
i South Western® . .| .. | 4 4+ | | 1012 1612 .. 67| 6T |
| African . . .Ul e 4| U 3920 3920 .. 5s0| 530
. =
Total . . .- 38 \ i3 '\ 5940s| 65965 18526 16886] |

' Grandtotal 91 \Gm“amm 2R Grenh el 26967 |
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ductors or paratonnerres for the protection of buildings.—22. Effects
of lightning on bodies which it’strikes.—28. The Aurora Borealis
— the phenomena unexplained. —24. General character of the
meteor.—25. Description of auroras seen in the polar regions by
M. Lottin.

1. THERE is no part of physical science in which the researches
of modern investigators have been attended with such signal
success, as those which have been directed to the discovery of the
influence of electricity upon the atmosphere. Indeed it would be
difficult to name any atmospheric change, which is not directly or
indirectly connected with electric agency. It is true that these
atmospheric phenomena, fugitive and transitory as most of them
are, have not been in all cases traced with clearness and cer-
tainty to their causes, that the relation of some of them to the
agency of electricity is rendered probable, more from general
appearances than by distinet and satisfactory demonstration, and
that some of them, which are evidently of eleotric origin, have,
nevertheless, remained unexplained by, or not reduced to, any of
the known laws which govern that physical agent. 8till there is
much that falls under the general principles of electric science,
and those phenomena which remain with or without any satis-
factory explanation require to be stated, that those who
pursue this part of physical science, with a view to extend its
limits, may be guided to proper subjects of observation and
investigation.

How important the topics embraced under the general head of
atmospheric electricity are, will be understood when it is stated,
that upon the electric condition of the atmosphere, and the
changes incidental to it, depend not only the stupendous phe-
nomena of thunder-storms, but also the whole of that beautiful
and interesting class of phenomena comprised under the general
name of Aurora Borealis. ‘

2. The terrestrial globe which we inhabit is invested with'an
ocean of air, the depth of which is about the 200th part of its
diameter. It may, therefore, be conceived by imagining a coat-
ing of air, the tenth of an inch thick, investing a twenty-inch
globe. This aerial ocean, relatively shallow as it is, at the
bottom of which the tribes of organised nature have their
dwelling, is, nevertheless, the theatre of stupendous elecfmca.l
phenomena.

It may be stated as a general fact, that the atmosphere which
thus covers the globe is charged with positive electricity, which,
acting by induction on the superficial stratum of the globe on
which it rests, decomposes the natural electricity, attracting the
negative fluid to the surface and replling the ypositive fluid to
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properly adapted to the purpose, and reduced to its natural state
when placed horizontally on the ground, will show a sensible
divergenoe when raised to the level of the eyes.

8. To asocertain the electrical condition of strata too elevated
to be reached by a fixed conductor, the extremity of a flexible
wire, to which a metallic point is attached, is connected with s
heavy ball, which is projected into the air by a gun or pistol, or
to an arrow projected by a bow. The projectile, when it attains
the limit of its flight, detaches the wire from the electroscope,
which then indicates the electrical state of the air at the highest
point attained by the projectile.

9. The vast quantities of electricity with which the clouds are
sometimes charged, were rendered manifest in a striking manner
by the well-known experiments made by means of kites by Romas
in 1757. The kite, carrying a metallic point, was elevated to the
strata in which the electric cloud floated. A wire was connected
with the cord, and ocarried from the pointed conductor borne by
the kite to a part of the cord at some distance from the lower
extremity, where it was turned aside and brought into connection
with an electroscope, or other experirental means of testing the
quantity and quality of the electricity with which it was charged.
Romas drew from the extremity of this conducting wire not only
strong electric sparks, but blades of fire nine or ten feet in length,
and an inch in thickness, the discharge of which was attended
with a report as loud as that of a pistol. In less time thanan
hour, not less than thirty flashes of this magnitude and intensity
were often drawn from the conductor, besides many of six or seven
feet and of less length.

10. It has been shown by means of kites thus applied, that the
clouds are charged some with positive and some with negative
electricity, while some are observed to be in their natural state.
These circumstances serve to explain some phenomena observed
in the motions of the clouds which are manifested in stormy
weather. Clouds which are similarly electrified repel, and those
which are oppositely electrified attract each other. Hence arise
motions among such clouds of the most opposite and complicated
kind. 'While they are thus reciprocally attracted and repelled in
virtue of the electricity with which they are charged, they are
also transported in various directions by the currents which pre-
vail in the atmospheric strata in which they float, these currents
often having themselves different directions.

11, Such appearances are the sure prognmostics of a thunder-
storm. Clouds charged with' contrary electricities affect each
other by induction, and mutually attract, whether they float in

.the same stratum or in strata at different elevations, When they
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But since a separate sound is produced at every point through
which the flash , and as these points are at distanoes from
the observer which vary according to the position, length,
direction, and form of the flash, it will follow necessarily that the
sounds produced by the same flash, though practically simnl-
taneous, because of the great velocity with whioch: the, electrisity
moves, arrive at the ear in comparatively slow succession.

The varying loudness of the successive sounds heard in the
rolling of thunder, prooeeds in part from the same causes as the
varying intensity of the light of the flash. But it may, perhaps,
be more satisfactorily explained by the combination of the suc-
cessive discharges of the same cloud, rapidly succeeding each
other, and combining their effects with those arising from the
varying distanoes of different parts of the same flash,

14. It appears to us that the varying intensity of the rolling of
thunder may also be very clearly and satisfactorily explained by
the zigzag form of the flash, combined with the effect of the
varying distance ; and it seems extraordinary that an explanation
80 obvious has not been suggested. Let A, 3, ¢, D (fig. 1), be &

part of a zigzag flash seen by an observer at 0. Takingoasa
centre, suppose arcs ¢ ¢ and B b of circles to be drawn, witho ¢
and o B as radii. It is clear that the points ¢ and ¢, and B and b,
being respectively equally distant from the observer, the sounds
produced there will be heard simultaneously, and, supposing
them equal, will produce the perception of a sound twice as loud
as either heard alone would do. All the points on the zigzeg
¢ B C b are so placed that three of them are equi-distant from o.
Thus, if with 0 as centre, and o m as radius, a ciroular aro be
described, it will intersect the path of the lightning at three
points m, m’, and m", and these three points being, therefore, st
the same distance from o, the sounds produced at them wil
reach the observer at the same moment, and if they be equally
intense will produce on the ear the same effect as a single
sound three times as loud. The same will be true for all the
poin]ts of the zigzag between ¢ and 6. Thus, in this case,
82



CAUSE OF THE' ROLLING OF THUNDER.

supposing the intensity of the lightning to be uniform from A to
D, there will be three degrees of loudness in the sound produced,
the least between A and ¢ and between b and D, the greatest
between ¢ and b along the zigzag, and the intermediate at the
points ¢ ¢ and B &.

It is evident, that from the infinite variety of form and position
with relation to the observer, of which the course of the lightning
is susceptible, the variations of intensity of the rolling of thunder
.which may be explained in this way have no limit,

15. Since the loudness of a sound diminishes as the square of
the distance of the observer is increased, it is clear that this affords
.another means of explaining the varying loudness of the rolling of
thander.

16. As the rolling of thunder is much more varied and of
longer continuance in mountainous regions than in open plain
countries, it is no doubt also affected by reverberation from every
surface ocapable of reflecting sound, which it encounters. A
part therefore of the rolling must be in such cases the effect
of echo.

It has been also conjectured that the a.coustlc offects are
modified by the effects of interference. :

17. A cloud charged with electricity, whatever be the quality of
the fluid or the state of the atmosphere around it, exercises by
induction an action on all bodies upon the earth’s snrfnce imme-
diately under it. It has a tendency to decompose their natural
electricity, repelling the fluid of the same name, and attracting to
the highest points the fluid of a contrary name. The effects thus
actually produced upon objects exposed to such induction, will
depend on the intensity and quality of the electricity with which
the cloud is charged, its distance, the conductibility of the
materials of which the bodies affected consist, their magnitude,
position, and, above sll, their form.

‘Water being a much better conductor than earth in any state
of aggregation, thunder clouds act with great energy on the sea,
lakes, and other large collections of water. The flash has a
tendency to pass between the cloud and the water, just as the
spark passes between the conductor of an electric machine and the
hand presented to it.

18. This explains the fact that lightning sometimes penetrates
strata of the solid ground, under which subterranean reservoirs of
water are found. The water of such reservoirs is affected by the
inductive action of an electrified cloud, and in its turn reacts
upon the cloud, as one coating of a Leyden jar reacts upon the
other. When this mutual action is sufficiently strong to over-
come the resistance of the subjacent atmosphere, and the strata of
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soil under which the subterranean reservoir lies, a discharge
takes place, and the lightning penetrates the strata, fusing the

" materials of which it is composed, and leaving a tubular hole with
a hard vitrified coating.

Tubes thus formed have been called fulgurites, or thunder
tubes. o

*19. The well known properties of points, edges, and other
projecting parts of conductors, will render easily intelligible the
influence of mountains, peaked hills, projecting rocks, trees,
lofty edifices, and other objects, natural and artificial, which
project upwards from the general surface of the ground.
Lightning never strikes the bottom of deep and close valleys.
In Switzerland, on the slopes of the Alps and Pyrences, and in
other mountainous countries, multitudes of cultivated valleys are
found, the inhabitants of which know by secular tradition that
they have nothing to fear from thunder-storms. If, however, the
width of the valleys were 8o great as twenty or thirty times their
depth, clouds would occasionally descend upon them in masses
sufficiently considerable, and lightning would strike.

Solitary hills, or elevated buildings rising in the centre of an
extensive plain, are peculiarly exposed to lightning, since there
are no other projecting objects near them to divert its course.

Trees, especially if they stand singly apart from others, are
likely to be struck. Being from their nature more or less im-
preguated with sap, which is a conductor of electricity, they
attract the fluid, and are struck.

The effects of such objects are, however, sometimes modified by
the agency of unseen causes below the surface. The condition of
the soil, subsoil, and even the inferior strata, the depth of the
roots and their dimensions, also exercise considerable influence on
the phenomena, so that in the places where there is the greatest
apparent safety there is often the greatest danger. It is, never-
theless, a good general maxim not to take a position in a thunder-
storm either under a tree or close to an elevated building, but to
keep as much as possible in the open plain.

20. Lightning falling upon buildings chooses by preference the
points which are the best conductors. It sometimes strikes and
destroys objects which are non-conductors, but this happens
generally when such bodies lie in its direct course towards con-
ductors. Thus lightning has been found to penetrate a wall
attracted by a mass of metal placed within it.

Metallic roofs, beams, braces, and other parts in buildings, are
liable thus to attract lightning. The heated and rarefied air in
chimneys acquires conductibility. Henoce it happens often that

lightning descends chimneys, and thus passes into rooms. It

184



R.
+ and furniture, and

rtors, erected for the

Fig. 2.

teputed the most
aratonnerre to the
8, at py l, and f-
against a vertical piece, o «wmen Yo
7 it is bolted upon o diagonel ‘t::‘.% S




THUNDER AND LIGHTNING.

and at f it is simply secured by bolts to a horizontal beam
through which it passes. The last is evidently the least solid
method of fixing it. '

Fig. 8.

The conductor is continued downwards along the wall of the
edifice, or in any other convenient course, to the ground, either
by bars of iron, round or square, or by a cable of iron or copper
wires, such as is sometimes used for the lighter sort of suspension
bridges. This is attached, at its upper extremity, to the base of
the paratonnerre by a joint, which is hermetically closed, so as t
prevent oxidation, which would produce a dangerous solution of
continuity. )

To comprehend the protective influence of this apparatus, it
must be considered that the inductive action of a thunder-cloud
decomposes the natural electricity of the rod, more energetically
than that of surrounding objects, both on account of the material
and the form.of the rod. The point becoming surcharged with
the fluid of a contrary name from that of the cloud suspended over
it, discharges this fluid in a jet towards the cloud, where it
combines with and neutralises an equal quantity of the electricity
with which the cloud is charged, and, by the continuance of this
process, ultimately reduces the cloud to its natural state.

It is therefore more correet to say that the paratonnerre draws
electricity from the ground and projects it to the cloud, than that
it draws it from the cloud and transmits it to the earth.

It is evidently desirable that all conducting bodies to be pro-
tected by the paratonnerre, should be placed in metallic connection
with it, since in that case their electricity, decomposed by the
induective action of the clouds, will necessarily escape by the
conductor either to the earth or to the dioud by the point.
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hemispheres. The term Aurora Borealis, or Northern Lights, has
been applied to it, because the opportunities of witnessing it are,
from the geographical character of the globe, much more frequent
in the northern than in the southern hemisphere. The term
aurora polaris would be a more proper designation.

This phenomenon consists of luminous rays of various eolours,
issuing from every direction, but converging to the same point,
which appear after sunset generally toward the north, occasionally
toward the west, and sometimes, but rarely, toward the south.
It frequently appears near the horizon, as a vague and diffused
light, something like the faint streaks which harbinger the rising
sun and form the dawn. Hence the phenomenon has derived its
name, which signifies northern morning. Sometimes, however, it
is presented under the form of a sombre cloud, from which luminous
jets issue, which are often variously coloured, and illuminate the
entire atmosphere.

The more conspicuous auroras commence to be formed soon
after the close of twilight. At first a dark mist or foggy cloud is
perceived in the north, and a little more brightness towards the
west than in the other parts of the heavens. The mist gradually
takes the form of a circular scgment, resting at each corner on the
horizon. The visible part of the arc soon becomes surronnded
with a pale light, which is followed by the formation of one or
several luminous arcs. Then come jets and rays of light variously
coloured, which issue from the dark part of the segment, the
continuity of which is broken by bright emanations, indicating &
movement of the mass, which seems agitated by internal shocks,
during the formation of these luminous radiations, that issue from
it as flames do from a conflagration. When this species of fire
bas ceased, and the aurora has become extended, a crown 18
formed at the zenith, to which these rays converge. From this
time the phenomenon diminishes in its intensity, exhibiting,
nevertheless, from time to time, sometimes on one side of the
heavens and sometimes on another, jets of light, a crown, and
colours more or less vivid. Finally the motion ceases, the light
approaches gradually to the horizon ; and the cloud, quitting the
other parts of the firmament, settles in the north. The dark part
of the segment becomes luminous, its brightness. being greatest
near the horizon, and becoming more feeble as the altitude
augments, until it loses its light altogether. )

The aurora is sometimes composed of two luminous segments,
which are concentrie, and separated from each other by one dark
space, and from the earth by another. Sometimes, though rarely,
there is only one dark segment, which is symmetrically pierced

round its border by openings, through Whidh Wighk or fire is seen.
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the system of rays themselves suffering no change of position.
The bow, thus presenting the appearance of an alternate motion
in a direction nearly horizontal, had usually the appearance of the
undulations or folds of a ribbon or flag agitated by the wind.
Sometimes one, and sometimes both of its extremities would
-desert the horizon, and then its folds would become more numerous
.and marked, the bow would change its character, and assume the
form of a long sheet of rays returning into itself, and oconsisting of
several parts forming graceful curves. The brightness of the rays
would vary suddenly, sometimes surpassing in splendour stars of
‘the first magnitude ; these rays would rapidly dart out, and curves
would be formed and developed like the folds of a serpent ; then
‘the rays would affect various colours, the base would be red, the
middle green, and the remainder would preserve its clear yellow
hue. Such was the arrangement which the colours always pre-
-served ; they were of admirable transparency, the base exhibiting
blood-red, and the green of the middle being that of the pale
-emerald ; the brightness would diminish, the colours disappear,
and all be extinguished, sometimes suddenly, and sometimes by
slow degrees. After this disappearance, fragments of the bow
would be reproduced, would continue their upward movement,
and approach the zenith; the rays, by the effect of perspective,
would be gradually shortened ; the thickness of the are, which
presented then the appearance of a large zone of parallel rays,
would be estimated ; then the vertex of the bow would reach the
magnetic zenith, or the point to which the south pole of the
dipping needle is directed. At that moment the rays would be
seen in the direction of their feet. If they were coloured, they
would appear as a large red band, through which the green tints
-of their superior parts could be distinguished ; and if the wave of
light above mentioned passed along them, their feet would form a
a long sinuous undulating zone; while, throughout all these
-changes, the rays would never suffer any oscillation in the diree-
tion of their axis, and would constantly preserve their mutual
parallelisms.

‘While these appearances are manifested, new bows are formed,
-either commencing in the same diffuse manner, or with vivid and
ready-formed rays: they succeed each other, passing through
nearly the same phases, and arrange themselves at certain
distances from each other. As many as nine have been counted,
having their ends supported on the earth, and, in their arrange-
ment, resembling the short curtains suspended onme behind the
other over the scene of a theatre, and intended to represent the
sky. Sometimes the intervals between these bows diminish, and
fwo or more of them close upon each ofher, forming one large zone,
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ELECTRO-MOTIVE POWER.

CHAPTER L

1. Prospects of improvement in motive power by the application of
. electricity.—2. Example of its practical application in the workshop
of Mons., Froment, mathematical instrument maker in Paris.—3.
Mention of it in Catalogue of the Great Exhibition in Hyde Park.
—4. Property of electro-magnets.—5. Alternate transmistion sad
suspension of the current.—6. How this produces a oving poweT.
—7. Voltaic piles used by Mons. Froment.—8. Forms of s gigekee-
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ELECTRO-MOTIVE POWER.

motive machines.—9. Details of their construction.—10. Regulator
applied to them.—11. Their application to divide the limbs of philo-
sophical instruments.—12. Their ‘wonderful self-acting power.—13.
Application of electro-motive power to the telegraph by Mons.
Froment.—14. Microscopic writing.—15. Electric clocks.

1. AxoNG those who have devoted their thoughts to the applica-
tion of the principles of physical science to the industrial arts, an
anticipation more or less sanguine has long been entertained that
the day is not far distant when the mighty power of steam, which
has exercised, and still continues to exercise, so great an influ-
ence upon the well-being of the human race and the progress of
civilisation, will be superseded: by other far more efficient
mechanical agents. Science already directs her finger at sources
of inexhaustible power in the phenomena of electricity and mag-
netism. The alternate decomposition and recomposition of water,
by electric action, has too close an analogy to the alternate pro-
oesses of vaporisation and condensation, not to ocour at once to
every mind: the development of the gases from solid matter by
the operation of the chemical affinities, and their subsequent
condensation into the liquid form, has already been essayed as &
source of power. In a word, the general state of physical science
at the present moment, the vigour, activity, and sagacity with
which researches in it are prosecuted in every civilised country,
the increasing consideration in which scientific men are held, and
the personal honours and rewards which begin to be conferred
upon them, all justify the expectation that we are on the eve of
mechanical discoveries still greater than any which have yet
appeared ; that the steam engine itself, with its gigantic powers,
will dwindle into insignificance in comparison with the energies
of nature which are still to be revealed; and that the day will
come when that machine, which is now extending the blessings
of civilisation to the most remote skirts of the globe, will cease to
have existence except in the page of history.

2. It is not, however, generally known, that there exists in Paris
an establishment for the fabrication of philosophical instruments,
or rather of that class of those instruments which in that country
are distinguished as instruments of precision, in which elec-
tro-magnetism is and has been for several years back applied
with complete success, as a moving power on a considerabls
scale. .

3. In the Crystal Palace in Hyde Park, a small modest-looking
stall furnished with theodolites and some models of electro-
magnetic apparatus might have been seen, bearing the inscription
of Gustave Froment; and in the Great Illustrated and com-
mentated Catalogue there appeared the three following lines:—
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explained in our Tract upon the ¢ Electric Telegraph,” page 196,
that it will be sufficient briefly to recapitulate the general phylioal
principles from which this property arises.

If a voltaio current be conducted spirally round a rod of soft
iron, the iron will become magnetic, and will oontinue magnetie
so long as the current passes round it. Its acquisition of the
magnetic virtne is simultaneous with the transmission of the
current. It is not gradual but instantaneous. The very instant
the current is transmitted, the magnetie virtue is imparted to the
iron, and does not afterwarda increase in intensity.

The loss of the magnetic virtue, upon the suspension of the
current, is equally instantaneous and complete. The very instant
the current is discontinued, the iron ceases to be magnetic.

The subtlety of the electric fluid, and the celerity of its pro-
pagation, are such that it is capable of being transmitted and

. suspended instantaneously, and, however short the interval may
be between the instants of its transmission and suspension, it will,
during that interval mevertheless, impart to the iron the magnetie
property. So true is this, that it is practically found that the
current may be alternatcly transmitted and suspended hundreds
or even thousands of time in a single second, and in these short
intervals the iron will alternately acquire and lose the magnetic
virtue.

The manner in which the voltaic current is transmitted spirally
round the iron baris as follows :—The wire upon which the current

is transmitted is wrapped with silk or

cotton thread, which being a non-con-
ductor of eclectricity, will prevent the
lateral escape of the fluid, which wil
therefore pass along the wire within the
coating of thread as water or air would
pass along a tube. The wire thus covered
is coiled spirally round the bar of soft
iron, which may or may not be bent into

the horse-shoe form, as shown in fig. L

One end of the wire being put in connection

with the positive, and the other with the negative pole of the voltait
battery ; the current will be transmitted upon it, and will be pre-
vented from passing from one coil of the wire to the contiguous

one, by the interposition of the silk or cotton thread. So long 83

the current is thus continued, the iron, whatever be its form, will
be magnetic, one end havmg the properties of the north and the
other of the south magnetic pole.

5. By an expedient to which an infinite variety of forms msy
be given, the current can be alternately transmitted and suspended
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simple and effective, are provided, by which the current can be
turned on any particular machine, or directed into any room in
which it may be required.

The pile used for heavier work, is a modifieation of Bunsen's
eharcoal battery, in which dilute sulphurie acid is used in the
porous porcelain eell containing the eharooal, as well as in the ecll
eontaining the zine. By this expedient the noxious fumes of the
nitrio acid are removed, and although the strength of the battery
is diminished, suffieient power remains for the purposes to which
it is applied.

8. The forms of electro-motive machines eonstructed by M.
Froment are very various. In some the magnet is fixed, and the
armature moveable ; in some both are moveable.

In some there is a single magnet and a single armature. The
power is in this case intermittent, like that of a single-acting
steam-engine, or that of the foot in working the treddle of a lathe,
and the eontinuanee of the action is maintained in the same manner
by the inertia of a fly-wheel.

In other cases two electro-magnets and two armatures are com-
bined, and the current is so regulated, that it is established on
each during the intervals of its suspension on the other. This
machine is analogous in its operation to the double-acting steam-
engine, the operation of the power being continuous. The fore
of these machines may be augmented indefinitely, by combining
the action of two or more pairs of magnets.

Another variety of the applieation of 4his mowing prineiple,
presents an analogy to the rotatory steam-engine. Electro-
magnets are fixed at equal distances round a wheel, to the
circumference of whieh the armatures are attached at corre-
sponding intervals. In this case the intervals of action and
intermission of the currents are so regulated, that the magnets
attract the armatures obliquely as the latter approach them, the
eurrent, -and consequently the attraction, being suspended the
moment contact takes place. The effect of this is, that all the
magnets excreise forces which tend to turn the wheel on which
the armatures are fixed constantly in the same direction, and the -
forée with which it is turned is equal to the sum of the forces of
all the eleetro-magnets which act simultaneously.

This rotatory electro-motive machine is _infinitely varied, nob
only in its magmtude and proportions, but in its form. Thus in
some the axle is horizontal, and the wheel revolves in a vertical
plane; in others the axle is vertieal, and the wheel revolvesin#
horizontal plane. In some the electro-magnets are fixed, and the
armatures moveable with the wheel ; in others both are moveable-

In some the axle of the wheel which coxvies the armatures is itself
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the conducting divisions, the current is transmitted ; when they
touch the non-conducting divisions, the current is interrupted.

Each of these three rollers e, f, g is conneoted by a conducting
wire with the conducting wires of two electro-magnets diame-
trically opposed, as is indicated in fig. 5, so that the current is
thus alternately established and suspended on the several electro-
magnets, as the conducting and non-conduoting divisions of the
disc pass the rollers e, £, and g.

10. M. Froment has adapted a regulator to this machine, which
plays the part of the governor of the steam-engine, moderating
the force when the action of the pile becomes too strong, and
augmenting it when it beoomes too feeble.

A divided circle m n, fig. 4, has been annexed to the machine
at the suggestion of M. Pouillet, by which various important
physiocal experiments may be performed.

11, Of all the purposes to which this moving power is applied
in the workshop of M. Froment, the most beautiful is that of
making the divisions on the limbs and scales of astronomical and
geodesical instruments, and of instruments of precision in general.
The machines by which such divisions are engraved are automatic,
each receiving its motion from an electro-motive machine of
proportionate power and magnitude.

The limb to be' divided is fixed upon a horizontal table, which
receives a slow and intermitting progressive motion from a fine
screw. This screw itself is urged at intervals by a ratchet-wheel.
The catch or click by which this ratchet-wheel is driven, can be
so adjusted as to take one, two, or several teeth at each stroke,
and therefore to move the table carrying the limb through a
greater or less space, according to the magnitude of the divisions
to be engraved upon the scale. Over the limb to be engraved is
placed the point or edge by which the incision is produced, which
is either hardened steel or diamond. During the progressive
motion of the table carrying the limb, this cutter is elevated, so as
not to touch it. In the intervals during which the motion of the
table is suspended, the cutter descends upon the limb, and, being
pressed upon it with sufficient force, is drawn upon it in &
direction at right angles to the motion of the table, thus engraving
upon it the line which marks the division. Thus the motions of
the limb and the cutter are alternate, each being in action while
the other is at rest. The cutter is fixed upon an arbor which
derives its motion from the same crank which works the ratchet,
but its connection is arranged so as to give them the alternate
action just mentioned.

By an arrangement provided in this arbor, a more extended

motion is imparted to the cutter ot every tenth stroke of the
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second, and when the last division of the scale has been engraved,
it not only suspends its own action, but stops that of the elestro-
magnetic machine by which it is impelled. These automatic
arrangements must not be regarded as mere mechanical super-
fluities, upon which the boundless fertility of invention which
characteriscs the genius of M. Froment has been lavished ; they
are of great practical value and importance. It happens, for
example, that in these delicate operations, the tremor of the
ground on which the workshop stands, produced by the movement
of vehicles of transport in the adjoining streets, affects in &
sensjble degree the motion of the cutting point. It is therefore
always preferable to execute the most delicate work in the dead
of the night. Now, by the automatic contrivances above men-
tioned, this can be acoomplished without imposing on the super-
intendent the neoessity of watching. A clock, provided with an
apparatus similar in principle to a common alarum, is put in
mechanical connection with the dividing machine, and is set so as
to start the machine at any desired hour. This being done, and
the limb to be divided being fixed upon the table under the
ocutter, the apparatus may be left to itself; the superintendent
may retire to rest, and at the hour of the night which has been
sclected, the electro-motive machine will be started by the elock,
and the dividing engine will commence, continue, and complete
its work with the most admirable certainty and precision, and,
when completed, the electro-motive machine will be stopped, and
all reduced to rest.

The magnitude of the dividing engine for microscopic scales, is
about 8 inches long by 6 inches wide, and 4 inches high. The
magnitude of the electro-motive engine necessary to drive it,
is not more than 4 inches square in its base, and 3 inches
high.

It is scarcely necessary to observe, that the more minute class
of these scales can only be seen by the aid of a microscope of high
magnifying power. This will be easily understood when it is
considered that, in a space measuring a tenth of an inch in
length, there are in the more minute scales, 2500 divisions. Such
is, nevertheless, the precision of the execution, that when looked
at with a sufficiently high magnifying power, the lines exhibit the
most perfect evenness and regularity.

13. Among the inventions of M. Froment, which may be also
seen in operation in his establishment, are two electric telegraphs,
one of which transmits its messages by enabling an operator at
one station to direct an index, which moves upon a dial-plate, to
any desired letter of the alphabet, those letters being engraved
around the dial like the hour-mark upon a clock or watch. The
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transmitting agent has before him a row of keys, like those of a.
piano-forte (fig. 6), upon which the letters of the alphabet are

¥ig. 6.—Froment’s Alphabotical Tolegraph.

engraved. ‘When he presses down the key upon which any letter
is inscribed, the index of the dial at the distant station with
which he is in communication turns, and stops when it points at
the same letter, In this way, by indicating the successive letters
of the words composing the message, the despatch'is transmitted.

The mechanism by which this is accomplished, is fully described
in our Tract on the “ Electric Telegraph,” par, 205.

Another form of electrie telegraph (fig. 7), which writes the
message it transmits, may also be seen in operation in M. Froment’s
workshop.

The message is transmitted in this instrument by pressing
down a key successively by the finger, the key being held down a
longer or shorter time, in the same manner as a pianist would
play notes of greater or less length. Varying marks of corre-
spondmg lengths are made upon paper by a pencil at the distant
station, the paper being moved under the pencil by suitable
mechanism, For a description of this telegraph see falso our
Traot on the ¢“Electric Telegraph,” par. 207.

14. Another of the results of the mechanical ingenuity of this
artist, which may be seen at his workshop, which if not the most

useful is assuredly the most astonishing, and to many the mast
NS
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incomprehensible, is his microscopic writing, which has been
alrcady noticed in our Tract on Microscopic Drawing and

Fig. 7.—Fromcnt’s Writing Telegraph.

Engraving. We will here reproduce from that article a specimen
of this miraculous performance. Fig. 8, written in the Crystal
Palace, in 18561, within a circular space, having the diameter
of the 30th of an inch.

The details of the method by which this mioroscopic writing is

executed have not yet been made public, but we believe the:.
inventor is preparing a memoir on the subject, to be presented to-

the Academy of Secicnces.

15. This brief notice of the application of electro-motive power
must not be concluded without mentioning its remarkable appli-
cation to chronometers, examples of which -1ay be seen in many
parts of this country, one of which is pres. ied daily and nightly
in the Strand, near the Electric Telegraph Office.

The general principle of this beautiful application of physical
science to the economy of life is easily explained.

The hand of a clock or watch moves not uniformly, but bysa
succession of starts, as may be plainly seen in the case of &
seconds’ hand of a watch or clock. The same intermitting motion
affects the minute and hour hands, but their movement from
second to second is so minute that it is imperceptible to the eye.

Now, from what has been already explained, it will be evident
that a similar intermitting motion can be imparted to the contact
piecc of an eclectro-magnet by the alternate transmission and
suspension of the current. 1f,therefore, by any means the electric
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follows that the same current can simultaneously imparta perfectly
regular chronometric motion, to all the clocks dispersed overa
large country. ,

It remains only to show how the mgnhntyof the intermisim
of the ecurrent can be obtained. is accomplished by the
obvious expedient of putting the oommntator, by the m«f
which the current is alternately transmitted and i
oonnection with a well-regulated ohronometer, the pendulum 4‘
which shall, in that case, itself alternately transmit and lnqd
the eurrent.

Among the numerous applications of electric power to bel.
in the workshops of M. Froment, are a series of eleotrio
constructed nearly upon the prmoxple above described.
motion of each clock is in this case maintained by a small weight
which is alternately raised and lowered upon an appendage of '
pendulum by means of an iron counterweight, which is iteelfy
alternately raised and disengaged by an electro-magnet, each’;
time that the aypendage, byits contaot with the weight, opensand ‘!
closes the voltaio cirouit, or, what is the same, transmits and
suspends the current. <1

The motion of the clock is maintained by & constant weigh: |
without friction and without the application of oil, with grest *
regularity, while the electric current, which is transmitted °
through it in the intervals of each oscxllatlon, transmits to &
distance the chronological indications upon a series of dials, the
hands of which are moved by a mechanism, analogous ta that
which moves the index of an electric telegraph of the kind used
on the continental railways.
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ix, 155; its climatological
¥ -mones, ix. 142 ; the Tell and the
Sahara, ix. 143.

and earth, effects of their con-
. tact, ix. 183.

J‘Alecto steamer, experiments on, X.
-5 163.

"Alleghanies, ix. 153,

Alps, ix. 187.

,Am,aszo‘3 ns, ix. 162 ; tributaries of, ix.

-Andes of Patagonia, Chili, ix. 152;
. of ‘Bolivia and Peru, 7b.; vege-
tation of) ix. 179-80.

- Angular aperture of lens, effects of|
capable, greatest of which a lens is
ix. 11; ix. 18.

E Angular magnitude, visual estimate
of, ix, 61.

Ant, error in Prior'’s allusion to its
foresight, ix. 205 ; allusions to in
the Proverbs, ix. 206.

Antarctic drift current, its equatorial
course, ix. 190-1.

Antenns, their use, x. 90.

Anthidium manicatum, x. 19-20,

Apiarian researches, antiquity of,

x. 2.

Agriculture, x. 97.

Archipelago, ix. 141.

Arc;lg circles and frigid zones, ix.
173.

Aristomachus, x. 8.

Aristotle, x. 8.

Arrogant steamer, engines of, x. 169.

Artificial light, ix. 46.

Asia, its plateaux, its physical cha-
racter, ix, 146-7.

——

Atlantic steamers, x. 116 ; steam na-
vigation, its history, x. 117.
Atmospheric electricity x. 177.
Aurora borealis, x. 187-9.
Australia, its territory and physical
features, its climate, vegetable pro-
. ductions, indigenousanimals, mine-
lials, gold, aboriginal tribes, ix.

Auxiliary steam power, x. 121.
Azoff, sea of, ix. 142.

Basix of water, experiments with,
ix. 196.

Bee, its senses, x. 87 ; its memory, x.
88 ; their warsand battles, x. 111 ;
their number of daily excursions,
x. 82; their pasturage, x. 83;
their fidelity to their queen, x. 68 ;
their policy, x. 64 ; their transfor-
mations, x. 49 : their magnitude
and weight, x. 57 ; their maladies,
x. 108; their neatness, x. 83;
expedient for keeping their nests
warm, x. 20; their enemies, X.
84 ; their means of defence, x.
85 ; their personal antipathies, x.
90 ; pap for their young, x. 42-3;
food adapted toage, x. 43; trans-
formation, x. 43-4; remarkable
care of the nurses, x. 46; cross
alleys connecting their streets, x.
47 ; first laying of the queen in
spring, ib.; queen’s royal suite,
x. 48; queen’s eggs, 1. ; cor-
rection of their mistakes in work-
ing, x. 87; dimensions of their
first wall, 4b.; operations of
the nurses, ¢b.; bases of their
cells, x. 38; their compedion
pyramid ot bemes, .y ’Q‘I‘{m‘
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mensions of their b. ;
number of the same, x. 42 ; bread,
€b. ; its sting, x. 14; its organs

and ocollective habits, x.
ib. ; structure of
nests, x. 20 ; situation of the same,
x. 19 ; its structure and mber-,
x. 10; use of its proboscis, &b
structure of its tongue, 5. ; ita
houayh,g. x. 12 ; architeclure, x.
18.; lwuu,ﬁmrfom-, x. 98; its
stomach, x. 12 ; its antenne, sb
m m ‘bof, hg; th.; feet, x.
x mmkgu
phdwhmq, x. 85 characteris-
tics and habits of vnrker-bees, x.
77 ; first operations of wax-makers,
x. 85 ; kneading of wax, x. 86;
first construction of hive-wall, .
Beetle, blind as, error of the phrase,
ix. 203,
Brine pumps for marine engines, x.

Burnens, See Huber.

Black Sea, ix. 142.

British7 India— Deckan-platean, ir.
146-7.

British Isles, ix. 140.

CAMERA LUOIDA, measurement by, ix.
56,

Campbell's Pleasures of Hope, lines
from, ix. 204.

Carpenter bee, x, 21.

Caribbean Sea, ix, 151.

Caspian Ses, ix. 142,

Cells of honeycomb, x. 55; of bees,
royal and nymph, x. 53.

Centering of lenses, ix. 20.

Central America, ix. 150.

Chromatic aberration positive, ix. 15 ;
negative, tb.

Chemical phenonenn, method of adapt-
ing them tomicroscopic cheervation,
1x2 75.

Gb;;.dk"l universal microseoe iz

ix. 181.
Clouds, effects of, ix. 183; thir

Clyde, steamers on, x. 114.

Cr;g(zet, Shakspeare’s allusion to, b

Crustaceous animalculse, ix. 93.

Cunard steamers, x. 119.

Current, voltaic, apparatus for appl
ing, ix. 41.

Cyclops minutus, ix. 26.

DarpANELLES and Bosphorus, i
141-2.

Diaphragms, ix. 81.

Diffraction and interference, effects ¢
ix. 45-6.

Dog and shadow, optical error in t
fable of, ix. 1938-4.

Dog-days, ix. 169.

Double refracting crystals, their eff
upon rays of light, ix. 68.

Dragon fly and its larva, ix. 89.

Drone cells and worker cells, x. 33

Drone, head of, magnified, x. 11.

Drones, x. 9, 52; their treatm
and massacre, X. 7.

Earrh, surface of, ix. 180 ; re
of, 186-7 ; position of, on June!
ASIR U BY m\)m;bu 2, ix. 1!
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ix, 183 ; why this regularity does
not prevail, ¢b. ; its position at the
autumnal equinox, ix, 168; diur-
nal and nocturnal phenomena by
which the different months are

. characterised, ix. 173; illustration
of its varying position in the suc-
cessive months, ix. 171-2-3.

Eastern eontinent, ix, 157 ; in South
America, ix. 158.

Electro-magnets, property of, x. 196 ;
their application as a moving
power, x. 197.

Electro-motive power, .x. 193.

" Encounter steamer, engines of, x. 169.

Europe, outlines of, ix, 140,
Eye-glass of microscope, ix. 2.
Eye, protection of, ix. 46-7.
Eye-piece of microscope, ix. 25.

Fum;umt, his internal gearing, x.

167.

Feathering-paddles, objections to, x.
156.

Field of view, actual dimensions of,
ix. 26.

Field glass of microscope, ix. 4.

Florida, peninsula of, ix. 155.

Flowe7rs propagated by means of bees,
x. 79.

Pocussing, ix. 27-8, 85.

France, ix., 140-1,

Froment, his electric telegraph, x.
205 ; his microscopic writing, x.
207 ; his electric clocks, x. 208 ;
bis workshop in Paris, x. 195.

Fuel, its economy in marine engines,
x. 143,

Fulgurites, x. 188.

Furnace of marine engines, x. 146.

L

GEARED engines, x. 166.

Geographical terms, ix. 131-2.

Geography, preliminary knowledge of,
ix. 130 ; origin of the name, ix.
130.

Geometrical problem of the globe
solved, x. 81-2.

Glow-worm, Moore's allusion to, ix.
203.

Goniometers, ix, 58.

Qoring, Dr., experiments of, ix. 13.

Great Britain Steamer, engines of, x.

169.

Great eastern continent, ix. 38,
Greece, ix. 141.

Greenland, ix. 155.

Ghalf of Mexico, ix. 151,

Grulf stream, ix. 191.

HEeARING of bees, x. 91.

Heat evolved in respiration from the
bee-hive, x. 46.

Heat received from celestial spaces,
ix. 181.

Hebrew scriptures, x. 2.

Hellenic peninsula, ix. 156.

Hemisphere of most land, ix. 156.

Hexagonal form, great advantages of,
for cells, x. 30.

Hymenoptera, x. 5-6.

Himalayas, animals inhabiting them,
ix. 181 ; vegetation of, ix. 178-9.
Hive-bee, x. 25; structure of its
comb, x, 25-6; double layer of
cells, x. 27 ; pyramidal bases of
their cells, x. 27; illustrative
figures of the same, x. 28-9 ; sin-
gle cells, x. 29; combination of
the same, x. 29-30; various
forms of their hives, x. 99 ; how

ventilated by bees, x. 89.

Honey, its production and varieties,
x. 106. )

Honeycombs, construction of, x. 84-
56 ; process of forming the same
not merely mechanical, x. 40.

Horse-power, real and nominal, x.

Huber, anecdote related by, x. 45, 8 ;
his servant Burnens, 4. ; curious
history of his blindness, ¢b. ; his
wife and son, x. 4 ; pursuit of his
researches, x. 4-5.

Humble bees, females of, x. 44; their
nursing workers, b, ; their trans-
formation, x. 45. -

Hudson, steamers on the, x. 114.

Hydrom;tricindieator of steam boilers,
x. 137.

Inp1a, Further, ix. 156.

Hlumination, Prichard’s analysis of
the effects of, ix. 47-8, 50.

Insects, structure of, x. 5; plan of
their anatomy, x. 5; their senses,
x. 86. .
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JoBNsToN’s physical maps, ix. 185.

LAND AXD WATER, distribution of, ix.
130.

Land, relief of, ix. 132 ; outlines of,
ix. 154.

Lardner, Dr., his opinions on the
Atlantic steam voyage, x. 118.

Leaf-cutter bees, x. 23 ; their man-
ner of making their nest, b. ;
their process of cutting the leaves,

x. 24.

Lens, method of determining its
angular aperture, ix. 13 ; mutual
chromatic and spherical correction
of, ix. 15.

Lewenhoeck, experiments by, ix. 51.

Lieberkuhn, uses of, ix. 45.

Light:‘nd shade, varying effects of,
ix. 44.

Lightning, its effects, x. 187 ; form
of its flash, x. 181.

Linceus sphericus, ix. 92,

Lottin, his account of the aurora
borealis, x. 189,

Llanos of Orinoco, ix, 153.

Lurco, or glutton, ix. 93.

MADAGASCAR, ix. 142-3-4.

Magnifying-glasses are simple micro-
scopes, ix. 2

Magnifying powers, a term much
misunderstood, ix. 59; various
ones adapted to the same micro-
scope, ix. 23.

Maps and globes in relief, ix. 115,

Marine engine, x. 125 ; details of its
structure, x. 129; proportions, x.
148 ; expansive action in, x. 147,

Marks, Professor, and Dr. McCaul,
their examination of the true mean-
ing of the original Hebrew of the
description of the war-horse in Job,
ix. 208.

Mason-bee, x. 21.

Measurement distinct from magnify-
ing power, ix. 50.

Mediterranean, ix. 139.

Microscope, origin of term, ix. 2;
simple ones, magnifying-glasses, ix.
2; mounting of, ix. 69; condi-
tions of efficient mounting, ix. 70 ;

4

Fnuenhoﬁ'er s mounting — method

62; double microecope, ix. 86;
Mr. Nachet’'s ix. 85;
Chevalier's method of mounting it,
ix. 72; of rendering it vertical, ix.
74 ; binocular, ix. 87; Varley's,
ix, 85; the illumimwra,ix.zs;
general description of reﬂechng,

5 ; condition of distinet vision, ix.
6; different effects of magnifying
powerl, ix. 8; multiple, ix. 85;
triple and . qud.ruple, ix. 87;
Smith and Beck’s, ix. 82; general
description of compound, ix. 2;
fine adjustment, ix. 36 ; course,
tb. ; slides to be cleaned, ix. 40;
their adaptation to chemical and
medical purposes, ix. 88.

Micrometers, ix. 53; Le Bailif’s, ix.
54 ; Jackson's, ix. 55.

Micrometric scales, ix. 51.

Micropolariscope, ix. 65.

Microscopio objects, method of deter-
mining the least which a given
power can render visible, ix. 63 ;
method of condensing light uponit,
ix. 75-6; curious effects of light
upon, ix. 42 ; measurement of, ix.
50-1; Rose’s glass, ix, 2, 22 ; com-
pound object, ¢b. ; preparation of,
ix. 28 ; illumination of, ix. 42;
means of moving and illuminating
it, ix. 27 ; support and movement
of, ix. 35; generally translucent
or may be made so; ix. 43;
method for determining its relief,
ix, 87; difficulty of bringing it
into the field, ix, 37 ; mechanism
for accomplishing this, ix. 88; to
be successively viewed by increasing
powers, ix. 40. .

Mississippi, souree of, ix. 162 ; its
tributaries, ix. 159 ; great valley
of, ix, 153.

Missouri and its tributaries, x. 162.

Moral suggested by the economy of
nature, x. 1.

Moore, scientific errors in his Irish
Melodies, ix. 197 ; physical impos-
sibihty of what the poet supposes,
b, ; ¢‘Thus when the lamp that's
hghted,” allusion is explained, ix
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198 ; ¢ While gazing on the moon’s
light,” sound astronomy, ix. 201 ;
allusion to the glow-worm, ix.
203.

Months, diurnal and nocturnal phe-
nomenon by which they are cha-
racterised, ix. 178.

Mountain ranges not uniform, ix.
185-6 ; new ones possible, ix. 188;
effect produced by contemplation
of, ix. 187.

Mungo Park, anecdote of, x. 110.

NoRrTH AMERICAN PENINSULA, 1x.154;
its extent and limits,—its political
divisions, ix. 150-1; eastern plain
of, ix. 153,

Northern hemisphere, days longer
than nights in, ix. 167.
Norway and Sweden, ix. 140.

Nymph of bee, x. 54;
white ant, ix, 100,

of the

Omnro, ix, 160.

©Old and new continents, relation be-
tween the coasts of, ix. 151.

Orinoco, ix. 168 ; Rio de la Plata, 5.

¢

PADDLE-WHEEL, common, X. 126,
150; feathering, x. 153 ; split,
x. 155 ; American, x, 156.

Pampas of Patagonia and Buenos
Ayres, ix. 153.

Parallel ridges of mountains, effects
of, ix. 158,

Peninsula, prevalence of its form, ix,
154; Crimean, South American,
North American, Florida, Lower
California, Greenland, Africa, Aus-
tralia, New Zealand, Spain and
Portugal, Italy, Hellenic, Norway
and Sweden, Europe, India, Fur-
ther India, ix. 154-5-6.

Peteroff steamer, its engines, x. 149.

Philiscus, x. 3.

Philosophical instrauments graduated
by electro-motive power, x. 202.
Plains and lowlands, ix. 182 ; Plum-
per steamer, engines of, x. 171,

Polarised ray, condition of, ix. 60.

Polarisation, ix. 65 ; by double re-
fracting crystals, ix. 67.

Polynesia, ix. 148,

Potosi, ix. 152.

Prairies, ix. 153-4.

Primogeniture adopted among bees,
x. 58.

Propellers, submerged, x. 157.

Pritchard, Mr., his method of ascer-
taining the greatest angle of which
a given lens is capable, ix. 13 ; his

_ analysis of the effects of illumina-
tion, ix, 47-8-9-50.

Pyrenees, ix, 187.

QUEEN-BER, her numerous suitors, x.
7 ; her chastity and fidelity, x. 8;
her fertility, #b. ; her first laying,
b. ; royal eggs, ib.; royal cham-
ber, b. ; effect of postponement of
her nuptials, x. 9; ‘mutual hos-
tility of queens, x. 58 ; their treat-
ment, x, 60; her fecundity not
anomalous, x. 17 ; her character
and jealousy, x. 57 ; respect shown
to her corpse, x. 75.

Quetelet, his observations on atmos-
pheric electricity, x. 179. :

mirg;nn steamer, experiments on, x,

Reflectors, obligue plane, ix. 34.

Rivers, beds of, banks, tributaries,
valleys, water-sheds, delta, estu-
aries, friths, ix. 136-7; of the
world, their general plan, ix. 165 ;
formation of, ix. 157 ; river sys-
tem of Europe, ix. 163.

Ross’s microscope, ix. 78 ; his useful
labours, b.

Romas, his experiments, x. 180.

Saryr, ix. 91, ’

Savannahs, hill-nests of white ants
in them, ix. 117.

Scandinavian peninsula, ix. 156,

Science and poetry, ix. 193.

Screw propellers, x. 158 ;
aqueous, x. 122,

Scregg propeller, its application, x,
165. :

Screw engines, various forms of, x.

sub-

Screw.vessels, their speed, x. 168,
: [
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Shakspeare’s allusion to the economy
of the bee, ix. 203.

Shortest day not the coldest, cause,
ix. 170-1.

Siamese engines, x. 147.

Sicily, ix. 141.

Smeathman’s microscope, destruction
of, ix. 119; curious experiment
of, ix. 125.

South American peninsula, ix. 154,
149, :

Spain and Portugal, ix. 141, 155.

Spring equinox, ix. 166,

Steam navigation, x. 113 ; its pro-
gress, x. 116.

Steam boilers, incrustation of, x.
136 ; flue and tubular, x. 131.

Steam navy, strength of, x. 174,

Store cells of bees, x. 84.

Summer warmer than the spring,
cause, ix, 169,

Sun vertical at the equator, oblique
at all other points, ix. 167; its
thermal influence in different lati-
tudes, 1b.

Swarming of bees, x. 67,

TaBLE showing the reflection at dif-
ferent obliquities, ix. 194.

Taste of bees, x. 91.

Temperate zone, ix. 175-6.
Temperature depends on sun’s alti-
tude and length of day, ix. 167.
Terrestrial surface, undulations of,

ix. 130.

Termes embia, ix. 97.

Termes fatalis, or bellicosus, ix. 97.

Thermal influence greatest on 21st
June in northern hemisphere, ix.
169.

Thorley, anecdote of, x. 111.

Thunder and lightning, x. 177.

Torrid zone, ix. 174-5; sun vertical
in it twice a-year, ix, 175.

Transmission and reflection, illumina-
tion by, ix. 42.

Tropics, the sun can only be vertical
within them, ix. 171 ; animals of,
ix. 181.

Tubes of steam boilers, x. 135.

UPHOLSTERER-BEE, x. 22 ; hangings
and carpets of her rooms, x. 23.
6

Vistox of bees, x. 91.

Vision, distinct human, least distance
of, ix. 60.

Virgil, x. 8.

WaRr-BORSE, celebrated description of
in Job, ix. 207 ; ummeaning lan-
guage of the translation, 4. ; exa-
mination of the original by Dr.
McCaul and Professor Marks, ix.
208 ; interpretation by Qesenius,
1b. ; by Elwald and Schultens, . ;
correct meaning explained, .

War vessels, application of steam to
them, x. 124.

Water fly, ix. 98.

West Indian Archipelago, ix. 154-5.

Western, or new continent, its extent
m(} form, ix, 149; relief of, ix.
151.

White ants, ix, 98 ; their mis-
chievous habits, 5. ; constitution
of their societies, ¢b.; chiefly con-
fined to the tropics, ix. 99 ; use of,
as food and medicine, ix. 101;
their destruction of shelves and
wainscoting, ix. 120 ; their art-
ful process to escape observation,
1b. ; anecdotes of, by Keempfer and
Humboldt, ix. 120-1; their de-
struction of the governor’s house at
Calcutta, . ; of a British ship of
the line, b.; their manner of
attacking timber in the open air,
ix, 122; extraordinary behaviour
of their soldiers when a nest is
attacked, ix. 122 ; curious ex-
ample of the repair of a partially-
destroyed nest, ix. 125; curious
observation of marching Termites
by Mr. Smeathman, ix. 126 re-
markable conduct of their soldiers,
1b. ; rage and fury of their soldiers
when attacked, ix., 122-3; in-
dustry and promptitude in repair-
ing the damage done to their habi-
tation, ¢b. ; vigilance of their
soldiers during the process of re-
pair, ix. 123; conduct of their
soldiers during a second attack, ix.
124 ; difficulty of investigating the
structure of their habitations, . ;
obstinate opposition of their sol-
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diers, b. ; discovery of their royal
chamber, ix. 124 ; fidelity of sub-
jects, 4b. ; use of domic, the sum-
mit of their habitation, for the
preservation of the colony, ix. 107 ;
position, form, and arrangement of
their royal chamber, ¢b. ; its
gradual enlargement for the accom-
modation of the sovereign, . ; its
doors, tb.; corridors and ante-
chambers surrounding the royal
chamber, t¢b. ; their nurseries, 4b. ;
the walls and partitions of the
same, ix. 108; the position of
their nurseries varied, according to
the exigencies of the colony, tb. ;
continual alterations and changes
in their habitation, ¢b. ; peculiar
o mould which coats their walls, 5. ;
their store-room for provisions, 2. ;
inclined paths which approach
them, ix. 109 ; Gothic arches
which surmount their apartments,
¢b. ; their subterranean passages,
galleries, and tunnels, b.; royal
body-guard, ix. 103; queen, her
vast fertility, ¢b.; treatment of
their king and queen, ix. 99 ; sol-
diers, ix. 100; workers, x. 9;
gradients, or slopes, which regulate
covered ways, ix. 109 ; reflections
on their wonderful works, ¢b. ;
their formation of a covered way
when forced to travel above ground,
ix, 111 ; tenderness of their bodies
render covered ways necessary, tb. ;
their physiological characters, ix.

100 ; bridges by which they pass
from one part of the habitation to
another, ix. 109 ; use made of
their constructions by wild cattle,
ix. 106 ; Termes lucifugus, organi-
sation of their societies, ix. 117 ;
habits of their workers and sol-
diers, ¢b.; materials used for
building, ¢5. ; construction of their
tunnels, ix. 118; Termes belli-
cosus, destructive habits of, ix.
119; their process of filling up
their excavations with mortar, 3. ;
Termes arborum, nests of them in
roofs of houses, ix. 118 ; turrets
built by Termes mordax, and by
Termes atrox, ix. 114 ; their
king, queen, workers, and soldiers,
ix. 116 ; habits of workers, ix.
99 ; figure of pregnant queen, ix. -
102 ; vertical section of habi-
tation, showing its internal arrange-
ment, ix. 105; first establishment
of a colony, ix. 100-1; care be-
stowed on the queen’s eggs by
workers, ix. 103 ; election of their
king and queen, ix. 102; figuresof
their king and queen, ix. 99 ; im-
pregnation of their queen, ix. 102;
their constructions used to obtain
views seaward, ix. 106 ; first
establishment of a colony, ix.
100-1 ; nymphs, ix. 100.

White ses, ix. 140,

Winter season explained, ix. 170-1.

Winter, phenomena of, in the southern
hemisphere, ix. 170,
























